1/331 



reset == o | prgt n = Q 
cdu_diu_rreq = 0 
ignore_data = 0 



cdu_diu_rreq 



= 1 Q Reset ^ 



qp ==Q 

cdu_diu_rreq = 1 
ignore_data = 0 



^ idle 



go 1 & 
done band==Q 
cdu_diu_rreq = 0 
ignore_data = 0 



FIG. 1 



2/331 



page layouts 
and objects - 




rasterize 
page description 



compress 
page image 



Host PC 



\ 



memory 
buffer^ 



compressed multi-lay rl 
page images 



expand 
page image 



Hi 



dither 
contone layer 



composite 
black layer over 
dithered contone 



render Netpage 
infrared tags 
to IR layer 



USB or indirect 
(via ISIMaster) 
connection 



L SoPEC Device 



ZE 



p 
p 


rint 
age 







Bi-lithic 
Printhead 



□ 



FIG. 2 



3/331 



USB from Host 



Printer 
QA chip 



replaceable 
ink cartridge 



ink cartridge 
QA chip 



SoPEC 
Device #0 




A4 Bi-lithic 
printhead ; 







high speed 
<— > low speed 



printhead assembly 



— — — — — — j 



FIG. 3 



4/331 





w 
o 



E 

m 

</> 

3 



5/331 






E 
o 



CD 
CO 



6/331 




<0 



CO 



7/331 






8/331 



5 -o 

CD O 

• s- 

^= o 



w. .g. 
■= < 




<D T3 

if 

3- 



^ g, 

0) ■>= 

o )= 

CO ™ 

■§ ° 



<D 

"D .9- 

n o 

CO ^ 



-»H=H- 



co 












CL 




0) 








o 










Q_ 







o 

o =* 

LU <D 
Q_ o 
O > 

co o> 
Q 



< 
O 



CO 

o =* 

LU CD 
CL O 
O > 

CO o> 
Q 



_r 



Q> IE 



o * 

LU cd 
Q_ O 
O > 
GO © 
Q 



I 






CL 












o 






< 






O 





C=5 




Q 

CD 
O) 

■g 
"k_ 

CO 



E 

CD 

8 

CO 
TJ 
CO 

o 



4) O 

11 



9/331 




10/331 




86ed pessejdwoo 



11/331 




FIG. 12 



12/331 



9?y . s . u ? > '. s .y? t . e _ n i 



'USB Host 
□- 



CPU 



RDU 



MMU 



Maste; 



TIM 



Slave 
K — —E l 



Boot ROM 



Slave 



Slave 
ICU k E l 



Slave 
PSS El 



SCB 



USB PHY 



USB 
Device 




DMA 










Crtl 






ISI 







, Slave 



1 



Cpr fc^Ltf 



•Motor Control, 
LSS, IS!, 
LED, etc. 



GPIO 



~7T 
_2_ 



. Slave ^ 
< 0 



LSS 
Master 



Slave 



Slave 



eDRAM 
S — 



DIU 

AAA 



Bus 

CPU Subsystem 



Slave 



O PCU <r 



Master 



DRAM bus 



PEP Configuration Bus 



DRAM sub-system 



Print Engine Pipeline sub-syst m 



CDU 



CFU 



LBD 



SFU 



TE 






TFU 







HCU 



DNC 



DWU 



LLU 



O PHI 



Q Bi-lithic 



Printhead 



FIG. 13 



13/331 




14/331 



AHB Controller 



AHB Interface 



LEON CPU 
and Caches 



MMU 



Address 
Decoder 



Realtime 

Debug 

Unit 



cpu_adr[21 :2] 
cpu_dataout[31 :0] 

dram cpu_data[255:0] 

cpu_cfiu_rreq 

diu_cpu_rack 

diu_cpu_rvalid 

cpu_diu_wdatavalid 

diu_cpu_write_rdy 

cpu_diu_wadr[21 :41 
cpu_diu_wdata[1 27:0] 
cpu_diu_wmask[1 5:0] 
cpu_acode[1 :0] 
cpu_rwn 
cpu_cpr_sel 
cpr_cpu_rdy 
cpr_cpu_data[31 :0] 
cpu_gpio_sel 
gpio_cpu_rdy 
gpio_cpu_data[31 :0] 
cpu_icu_sel 
icu_cpu_rdy 
icu_cpu_data[31 :0] 
cpu lss_sel 
issjcpu_rdy 

lss__cpu_data[31 :0] 

cpu_pcu_sel 

pcuicpu_ray 

pcu_cpu_data[31 :0] 

cpu_scb_sel 

scb_cpu_ray 

scb_cpu_data[31 :0] 

cpu_tim_sel 

tim_cpu_rdy 

tim_cpu_data[31 :0] 

cpu_rom_sel 

rom_cpu_rdy 

rom_cpu_data[31 :0] 

cpu _pss_sel 

pss_cpu_rdy 

pss_cpu_data[31 :0] 

cpu_diu_sel 

diu_cpu_rdy 

diu_cpu_data[31 :0] 

diu_cpu_berr 

pss_cpu_berr 

rom_cpu_berr 

tim_cpujDerr 

scb_cpu_berr 

pcu_cpu_berr 

lss_cpu_berr 

icu_cpu_berr 

gpio_cpu_berr 

cpr_cpu_berr 

diu_cpu_debug_valid 

tim_cpu_debug_valid 

scb_cpu_debug_valid 

pcu_cpu_debug_valid 

lss_cpu_debug_valid 

icu_cpu_debug_valid 

gpio_cpu_debug_valid 

cpr_cpu_debug_valid 

debug_data_out[31 :0] 

debug_data_valid 

debug_cntr1[32:0] 

prst_n 
pclk 

icu_cpu_ilevel[3:0] 
cpujack 

cpu_icu_ilevel[3:0] 



FIG. 15 



15/331 



p* i~LJi_rTJT_n_rLrLn_n 



cpu_adr[21:2] §|| 
cpu_rwn 
cpu_acode[1 :0] 
cpujss_sel 
lss_cpu_rdy 
lss_cpu_berr 
cpu_dataout[31:0] 
cpu_pcu_sel 



pcu_cpu_berr 
pcu_cpu_rdy 

pcu_cpu_data[31 :0] 



LSS address 



PEP address 



Supvr Data 



User Data 



■ LSS data 



Supervisor stack 



Supvr Data 







0x0000.0000 



FIG. 16 



16/331 




17/331 




o 
o 
o 

°. 

S 
8 



0000" 


0000" 


0000 


CM 




o 


o 
o 


o 
o 


o 
o 


o 

<§ 


o 

s 


i 



•a 

8 



< 

OC 
Q 



■o 
o 

CO 



0) 






1- 

o 


CO 










D) 


CO 




<D 


o> 




QC 


a> 




"D 


DC 


2 


a> 


15 


O 


Q_ 




QC 


a. 






<u 


£ 




5 


Q. 




13 


'C 
0) 




O 


Q. 




Q. 








'co c § CO g 

CO ^- .b: J> 

CO CO CD a> 

g CD o co 2 

<t CO CO 2- CD 



CD 

CD 

.E .SS c -Q g 

C/3 > CO TO O 
< CO Q O CL±= 



w g 

.E o -Q o. 

co c § co S 

CD CD J, c- 9 

C/3 2- ^ X 

CO CO CD ~ CD 

< CO CO £ CD 



CD 

C 03 C 
^ CO 

8 

O 2Q- 
< coO 



is 

TJ O r 
-2>CO CD 

O CD CO 
O Q- CD 



18/331 



haddrt31 :0] — 
hwdata[31 :0] — 
hrdata[3l:0] «4- 
hsel — 
hwrite — 
htransll :0] — 
hsize[2:0] — 
hburst[2:0] — 
hprot{3:0] — 
hmaster[3:0] — 
hmasterlock — 

hready <t- 



hresp[1:0] 
hsplitl15:0] <4- 



debugL_data_out< 
debug_data_vali " 



debug_cntr1 



LEON 
AHB 

Bridge 



MMU 

Control 

Block 



RDU 



CPU 

Subsystem 
Bus 

Interface 



AA AAA A AAA A 



J J J J J =,' -J 5 J =' 
& & & & & & & & & & 



£ j & j 1 1 j 1 1 jj 



dram_cpu_data[255:0] 
cpu_diu_wdata[1 27:0] 
cpu_diu_rreq 
cpu_diu_wreq 
cpu_diu_wdatavalid 
diu_cpu_rack 
diu_cpu_rvalid 
diu_cpu_write_rdy 
cpu_diu_wadr[21 :4] 
cpu_diu_wmask[1 5:0] 
icu_cpu_ilevel[3:0] 
cpu_iack 

cpu_icujlevel[3:0] 



cpu_rwn 
H> cpu_dataout[31:0] 



— ^ 



cpu_adr(21 :2] 
cpu_acode[1 :0] 



cpu_cpr_sel 
-£> cpu_diu_sel 
cpu_gpio_sel 
cpu_icu_sel 
cpu_lss_sel 
-> cpu _pcu_sel 
-{> cpu_scb_sel 
-£> cpu_tim_sel 
-£> cpu_rom_sel 
-O cpu_diu_sel 



cpr_cpu_datal31 :0] 
diu_cpu_datal31 :0] 
gpio_cpu_data[31 :0] 
icu_cpu_data[31 :0] 
lss_cpu_data[31 :0] 
pcu_cpu_data[31 :0J 
scb_cpu_data[31 :0] 
tim_cpu_data[31 :0] 
rom_cpu_data[31 :0] 
pss_cpu_data[31 :0] 



FIG. 19 



19/331 



E 

B CD 
CO 

— > « tz 

-Q CO CD 
OGOCQ-E 



AAA 



Z5 
Q 



V V Y 



^OCQ 



o 

2 CO 

^« 

O CD 

oar 



8 




A— A ^ 



E 
E 



CD 

LU X *c: 
_1 <CQ 



CM 



CO 
<0 

£ 

3 

I 



20/331 



pclk 



ahbsi.CONTROL 
ahbsi.HWDATA 
ahbsi.HRDATA 
ahbso.H READY 
cpu_diu_rreq 
cpu_diu_rack 

cpu_diu_rvalid 

dram_cpu_data 
cpu_diu_wadr 
cpu_diu_wdata 
cpu_diu_wmask 



A1 


A2 


A3 


A4 




LD 




STD1 


STD2 


LD 





cpu_diu_wdatavalid 



diu_cpu_write_rdy 



value determined by previous write 



value determined by previous writes 



value determined by previous writes 



BD1 



BD2 



A2 value aligned on a 128-bit boundary 



BD1 



BD2 & BD1 



OOOF 



OOFF 



FIG. 22 



21/331 



I 

CD I 
CO 1 

Ol 



CO 



eg 
■o 



i 



I o 

_ CO 

I I O 

-A 



CD 
CO 



i iE 

CO 



CO 



CD 



O 

E 
2 

y 



in 

Si 
o , 



> 
■p 



o 
£ 

CO 



CD 



CD 

o 
co 
O 



loop 



_ A ^ J_ i 



|00J 



o 
E 



IcO 

8 

— o 
— j 



-V 



[0*99S]eiep ndo wejp 



E 

CO 

o 
2Z 



CD 

sz 
o 

CO 

O 
Q 



< fepoi 



Ol 



ipouu 



CD 

O 
CO 

O 
< 



o 
■o 



oqqe 



opui 



IIOUU 



oni 



JE=> 



mi 



CD 

>4—« 

CO 

a: il 



i_ 



22/331 



3 

1 

T3 




CO 
f 

■o 



o 

cvi 

"8 



1 I 



CO 

2 



5 

CM 
Q- 

a 

X 
eg 

CO 

i 





p 






CO 






dout 


i(31:0) 
ite 









52, 

CO 





p 












B 


din(31:0) 
write 


34 


o 
■o 




23/331 



SO 
CM 



5 

-Q 
CD 
T3 

3 

3 

Q. 
O 



T3 

!= 15 ]= 

§ , 

013 O) 
=3 -Q 13 

CD T3 CD 
3 Q. 3 

cio, a 
2 a" 



© -3 



3 3 



^ o5.9 i2 Q. CO 



s 

CD 
3 

-Q 
CD 

T3 



E 
E 



VVVVVVVY 



V 




u. 



V V V V V V 



V 




J=>iS O) 
CD Cd CD 

DQH 



S O) 
CD as CD 
QQQC A 



> 

a 

3 
-O 

CD 
T3 



- CO 



B v 



3 

CD 
"D 



cd t> 
« V 

a 

3 
-O 

CD 

-o 



CD .E CD 

qclo: 



CO 

c 

o. 



CD 



24/331 



O 



LO 
X 

o 



o 

X 

o 



o 

CL 



o 

CO 

1 



Q_ 

O. 



o 



LO 
X 

o 



I — I I m 



00 






X 






o 
















X 






o 








X 






o 










< 






X 






o 



o 

CO 



Gl 

o 



o 

CO 

J 

CD 



Q. 



o 

CO 

1 

o 
"I 

Q- 
O 



a 

CO 



8- 



25/331 




26/331 



scb 



usbd_ts <«- 
usbd_a <- 



usbd_seO 
usbd_zp — 
usbd_zm — 
usbd_z — 
usbh_cpr_reset_n<<- 

usbd_p u I l_up_e n^- 
usbd_vbus_sense — 



usbclk- 



usbh_ts <4- 
usbh_a <~ 
usbh_seO <- 
usbh_zp — 
usbh_zm — 
usbh_z — 
usbh_over_current — 
usbh_power_en 



isi_gpio_dout[3:0] 
isi_gpio_e[3:0] 4- 
isLcpr_reset_n«4- 
gpio_isi_din[3:0] — 



scb_usbd 



usb device core, 
endpoint buffers 



scb_usbh 



usb host core, 
read buffer, 
write buffer 



scb_isi 



rx buffer, tx buffer, 
serialises 
de-serialiser 



scb Ctrl 



scb control logic, 

scb map, 
dma manager, 
cpu tx buffer 



-cpu_adr[n:2] 
-cpu_dataout[31 :0] 
cb_cpu_data[31 :0] 
— cpu_scb_sel 
— cpu_rwn 
— cpu_acode[1 :0] 
->scb_cpu_rdy 
->scb_cpu_J)err 
->scb_cpu_debug_valid 



-►dmajcujrq 
->isUcu_irq 
->usb_icu_irq[1 :0] 



-►scb_diu_wadr[21 :5] 
-►scb_diu_data[63:0] 
-►scb_diu_wreq 
— diu_scb_wack 
-►scb_diu_wvalld 
-►scb_diu_wmask[7:0] 
-►scb_diu_rreq 
-►scb_diu_radr[21 :5] 
— diu_scb_rack 
— diu_scb_rvalid 
— diu_data[63:0] 



- prst_n 
-pclk 



FIG. 23 



27/331 



LEON CPU Bus 



scb 



scb_usbd 



G 
CO 

5? 



5 

n 



-fl- 



OPS IfiJ Duff 



EPO IN Dul 



3" 



EP OUT 



DMA Buffer 



EP OUT 



ISI Buffer 



scb_ci FT 



a >u 

ISI Tx 



Bu 



Coptrol Coi e Lc 
& SCB dap 



scb.usbh 



CO 



*VC 



Initiatb r 



PVCI 



Target 



scb_isi 



151 Tc 



I luffc r 



Seiali: 



fer 



CPI J i/f 



gic 



brc 



adc ast 



t lSIR x 
BurTer 



Deseria iser 



ISI i/f 



ISI Bus 



o 

CO 

n 

5fl 



2 

rt 



*» (TO 



n 



PC - DIU 



PC - ISI 



LEON - PC 
ISI - DIU 
LEON - ISI 
Camera - DIU 
DIU - Camera 



LEON - Host 



Host IP - LBOh 



FIG. 29 



28/331 



CD 
O 
CL 




00 

o 

CL 



S 5 



0) 













So 




CVJ 




CD 






lav 


EC 


c\T 


CO 


CL 




CO 


So 


co 



29/331 





30/331 



ISIMaster ISISIave A ISISIave B 




Transaction 1: Long packet to an addressed ISISIave 
ISIMaster ISISIave A ISISIave B 




Transaction 2: Ping packet to an addressed ISISIave. ISISIave has nothing to send 
ISIMaster ISISIave A ISISIave B / ISIMaster 




Transaction 3: Ping packet to an addressed ISISIave. ISISlaveA responds with a long packet to 
ISISlaveB (or the ISIMaster) and ISISlaveB (or the ISIMaster) responds with an ACK or NAK. 



FIG. 32 



31/331 



bO b2 bO 4bitS 1bit b4 



See 
PktDesc 
table 





b288 



Start 


Pkt 
Desc | 


Address 


Payload 


CRC 


Stop 


i i i i iii 


8 bits 


3 bits 


5 bits 


256 bits 


16 bits 


1 bit 






Order of transmission 







FIG. 33 




See 
PktDesc 
table 



b32 



Start 


Pkt 

Desc 


Address 


CRC 


Stop 


iii i ii 


8 bits 


3 bits 


5 bits 


16 bits 


1 bit 



Order of transmission 



FIG. 34 



32/331 



bO b16 



Start 


Ack 
Symbol 


Stop 


ii i i 


8 bits 


8 bits 


1 bit 



Order of transmission 



FIG. 35 




FIG. 36 



33/331 



Transmitting 
ISI Device 




Receiving 
ISI Device 




FIG. 37 



Transmitting 
ISI Device 




Receiving 
ISI Device 




FIG. 3& 



34/331 



isi_ser_data_in[3] — 
isi_ser_data_out[3] <- 



isi_ser_data_en[3] +- 



is i_s e r_data_i n [2] — 
isi_ser_data_out[2]<«- 



isi_ser_data_en[2]«- 



isi_ser_data Jn[1 ]- 



isi_ser_data__out[1 ]<- 
isi_ser_data_en[1 ]<«- 



isLser_data_in[0]- 
isLser_data_out[0]<- 



isi_ser__data_en[0]««- 



scb isi 



isi sie 3 



isi sie 2 



isi_sie_1 



Framing 
&CRC 



isi_sie_0 



ISI protocol 
engine 



i_ 
r 



j 
i 



ISI Tx FIFO 



h H 



ISI Rx FIFO 



I 1 L 



FIG. 39 



35/331 



fifcL_wr_tx - 
f if o_rd_rx - 
fifo_wr data tx- 



fifo_rd_data*- 
fifo_count[2:0]<«- 



fifo under run<- 



fifo_over_flow<<- 



isLpclk- 
isi reset n- 



isi ste 



Rx/Tx FIFO 
7 x 1 bit 



l_ 

Rx/Tx statemachine I 



I 



L — J 



Bit stuffing 



K- 



! Edge detection 



& data I/O 



i — — j 



-►ser data en 



-> rx_sample 
-Mx_ready 
— tx_req 



-isi_bit_stuff_rate 



-ser data in 



-> ser data out 



FIG. 40 



36/331 



serdata in 



.AJ 



AJ 



A 



ser_data_in_ff 



-3 




edge 



-stuff_0_en 



ser_data_out 



AJ 



— fifo_rd_data 
-1 
-0 

-stuff 1 en 



•ser data en 



isisie 



FIG. 41 



37/331 



sm reset == 1 
tx_ready = 0 
ser_data_en = 0 
rx_sample = 0 - 
fifo_rdJx = 0 
f ifo_reset = 0 
rxtx_cycle = 0 
strip_ack =0 
stuff_ack =0 
stuff_0_en = 0 
stuff_1_en = 0 



tx_ready = 1 



fifo count != 0x0 
tx_ready = 1 

ser_data_en = 1 
rxtx_cyc!e = 1 

txO ^ 



tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 



tx reo == 1 
tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 



1 



tx1 



tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 



tx2 



tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 



reset 



sm reset ==0 



wait ^ 4— tx_ready=1 ^ clear fjfo^setJl idle ^ 



T 

ft req = Q 



tx4 



T 



> 



req == 1 
tx_ready = 1 
ser_data_en = 1 
fifo_rd_tx = 1 
rxtx_cycle = 1 



ft req = 0 
tx_ready = 1 
ser__data_en = 1 
fifo_rd_tx = 0 
rxtx_cycle = 1 



tx3 



FIG. 42 



38/331 



stuffO 0 



tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 
stuff 0_ en = 1 



stuffO 1 




tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 
stuff_0_en = 1 



tx rea 1 
tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 




Stuff0_2 



tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 
stuff 0_en = 1 




stuff0_4 

tx_ready ~ 1 
ser_data_en = 1 

rxtx_cycle = 1 
stuff_0_en = 1 

stuff_ack = 1 



stuff0_3 



FIG. 43 



c 



stuffl 0 



tx_ready = 1 
ser_data__en = 1 
rxtx_cycle = 1 
stuff 1 en = 1 



stuffl 1 



tx_ready = 1 
ser__data_en = 1 
" rxtx_cycle = 1 
stuff_1_en = 1 



tx req == 1 
tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 




Stuffl 2 




tx_ready = 1 
ser_data_en = 1 
rxtx_cycle = 1 
stuff_1_en = 1 



r 



stuffl _4 




T 

tx_ready = 1 
ser_data_en = 

rxtx_cycle = 1 
stuff_1_en = 1 

stuff_ack = 1 



stuffl _3 



FIG. 44 



39/331 




FIG. 45 



40/331 



tx_req J 
fifo_wr_tx I 
tx_ready 
fifo_reset 



fifo_count 
rxtx__state 





0x0 


0x1 


0x2 


0x3 


0x4 


0x5 


0x6 


0x7 


0x6 


0x7 


0x6 


0x7 


0x6 




idle 


z\ea\ 


wait 


txO 


tx1 


tx2 


tx3 


tx4 


txO 


tx1 


tx2 


tx3 


tx4 


txO 


tx1 


tx2 


tx3 


tx4 


txO 


tx1 


tx2 


tx3 


tx4 


txO 



rx_tx_cycle 
fifo_rd_tx 



fifo_rd_data 
ser_data_en 
ser_data_out 



bitO 


bit1 


bit2 


bit3 














bitO 


bit1 


bit2 


bit3 





FIG. 46 



41/331 



*** irriJiJiJiJiJiJiJiJiJim 



ser_data_in_ff 




tx_req 



edge J | 



idle 


rxO 


rx1 


rx2 


rx3 


rx4 


rxO 


rx1 


rx2 


rx3 


rx4 


rxO 


rx1 


rx2 


rx3 


rx4 


rxO 


rx1 


rx2 


rx3 


rxO 


rx1 


rx2 


rx3 


rx4 



rx_tx_cycle 
rx_sample 



fifo_count[2:0] 



OxO 


0X1 


0x2 


0x3 


0x4 


0x5 



FIG. 47 



42/331 



f ifo_wr_data - 



fifo_wr_en- 
fifo rd en- 



r 7 x 1 bit register n 

L _ — ^COde^ _ _j 

r — — — — — — i 

-oj rd/wr pointers, j— 
h>I & control logic fh 

L_ _l 



->fifo_rd_data 



-{>fifo_count[2:0] 
— f if o_reset 



FIG. 43 



rx_sample 

fifo_wr_tx 

tx_ready- 



-fifo_wr_en 



fifo_rd_rx - 
fifo_rd tx- 




fifo_rd_en 



ser_data_in_ff — 
fifo_wr data_tx - 



-fifo_wr_data 



FIG. 49 



43/331 



sm reset == 1 
stuff_1 =o — 
stuff _o = o 
strip = 0 
stuff_count_load = 0 



< 



reset 



sm reset ==Q 



rx tx cycle == 1 & 
tx ready == 1 & 

fifo rd data == 0 
stuff_count_load = 1 



rx tx cygte == Q 

fifQ rd data.==Q 




idle 



\ 



rx tx cvcle == 1 & 

tx ready == 1 
fifo rd data == 1 
stuff_count_load = 1 



rx tx cycle == Q || 
fifo rd data == 0 



txO 





tx1 



stuff count == 0x1 
stuff _1 = 1 



stuff count == 0x1 
stuff _0 = 1 



stuff_1 = 1 



stufM 



1 



stuffO 



stuff_0 = 1 



rx tx. cycle == Q I 
stuff acK==i 



idle 



rx tx cvcle ==0 || 
stuff acK == 1 



FIG. 50 



44/331 



rx tx cycle == 1 & 

tx ready ==Q& 

rx sample == 1 <} 
ser data ff == 0 & 
stuff_count_load = 1 




rx tx cvcle == 1 & 
tx ready == 0 & 

t> rx sample == 1 
ser data ff == 0 & 

stuff_count_load = 1 



rx tx cvcle ==0 

tx ready ==1 




rx tx cvcle == 0 
tx ready == 1 



ser data ff == Q 
stuff_count load = 1 



ser data ff == 1 
stuff_count_load = 1 



stgff count == Qx2 
strip = 1 



strip = 1 



strip 




rx tx cvcle == 0 || 

tx readY ==111 
strip ack == 1 



idle 



\ 
J 



stuff count == 0x2 
strip = 1 



FIG. 51 



45/331 




FIG. 52 



Master Clock 
LEDDutySelect =0 
LEDDutySelect =1 
LEDDutySelect =2 
LEDDutySelect =3 
LEDDutySelect =4 
LEDDutySelect =5 
LEDDutySelect =6 
LEDDutySelect =7 



FIG. 54 



46/331 




4 — DMAnTopAdr 
4— DMAnlntAdr 



«— DMAnCurrWPtr 



4 — DMAnMaxAdr 
4 — DMAnBottomAdr 





4 — DMAnTopAdr 



4— DMAnMaxAdr 



<— DMAnlntAdr 



4— DMAnCurrWPtr 



4 — DMAnBottomAdr 



(a) (b) 

Free buffer space 

Filled buffer space (unprocessed data) 

Buffer space filled since last write to the DMAnlntAdr/DMAnMaxAdr registers 



FIG. 53 



47/331 



GPIO 



^ opio cpu debug valid 



CPU 



Qpio__cpuJberr 



2y cpu acode 



^/ gpio_cpu_data 



<3 gpio cpu rdy 



^ cou dataout 



cpu_gpio_sel 



Q s cpu_adr 



debug_data_out - 
debug_cntr1 - 
debug_data_valid- 



^ 24, deglitch_out 



24 y deglitch_form_select 



24y wakeup_mask 
wakeup level 



2 X 



24x2 y deglitch_select 
2x£ y deglitch_cnt 



2x2^ deglitch_dk_src 



3 y bldc_mode 



12 
{> 



bldc_direction 



-V- 

3 y bldc_brake 



:16 X motor_mas_count 



3 y motor_mas_clk_enable , 



6x2^ motor_mas_clk_sel 
y&Ly motor_cti1_config 



6: 

3x16 



I ty motor_mas„clk_period ^ 



3x2 ^ motor_mas_cl k_src 
3y motor_ctr1_cutout_en ^ 



4x3^ led_duty_sel 



io_pln_invert 



O 2 
Q c 

£8 



o 
o 

8.1 

U 



55 



interrupt_src_select 



10x6. 



a. 

DC a) 
Q_ 



deglitch_out -^q> 

g 

mmi_ctrl_out / [> 
2 

p_meas_int 7 / > 



x24 



0) 

Q " 
LU 3 
_l CL 



£ co 



24 y deglitch input 



bldcctri. 



6y motor _ctri . 
X — 0 



tlm_pulse 



4^ led_ctrl 



cpu_io_dir 



cpu_io_out 



cpu_io_in 



4x17" 



io_mode_select 



input pin select 



s 

o 



gpiojcujrq 



-> gpio_cpr__wakeup 



tim_pulse 



gpio Iss din 2 X ^ 


LSS 


^ lss_gpio dout 2^ 


^ lss_gpio e 2^ 


^ Iss gpio_dk 2, 


gpiojsi_din 4, ^ 


CO 


^ isi_gpio dout 4 y 


^ isi gpio e 4^ 





— 7- 



— gpioj 
-> gpio_e 



-> gpio_o 



^ usbh^gpio. 



>_power_en 



gpio_usbh_over_cunreg 



m 

co 



FIG. 55 



48/331 



3 



CO 

f 



J3j}!P0|/M Aouenbejj 



O 

i 

a> 

i 



a. 

3 
O 

c 



o 

I 

CD 

3 



\ 
3 ^ 



3 



poued 



a> 



5^ 



AAAAAAAA 



E 



lOJiUOQ Ol 



o 
a> 

CO 
3 



<D — 1 

,2 l' 
E 



O 

o' 



22. 



CD 
"D 



CD 

o 1 

O 
JZ 

o 

1 

T3 



<X3 



E 
£ 



E 
E 



_2 2_ 



v v 



A A A A 



•So N 



CD 

o 
E 



E 
E 



CD 
> 
CD 



V V 



49/331 



± 




C 

I 



CO 






A 




50/331 



3 

o 
o 
E 



l 


\ 

\ 


CO 


A 



CO 




m 


_out 


_out 


_out 


tch. 


tch_ 


tch. 


degli 


degli 


degli 



2 

2 

CO 
0$ 

E 

J 

% 

E 



o 




CNJ 


CD 


CD 


CD 


CO 


CO 


_co 








CL 


CL 


CL 




tim_ 





CD 

2 

o 

»' 

CO 

5 

o 
o 
E 



E 

J 
o 

o 
E 



3 

o 

CO 

5 

o 
o 
E 




51/331 



in 
o 




J2 



A 

ft 



A 



CMI 

xl 



CO 
X 
k- 

2 

c 
o 
o 



o 
in 
cr 



o 

'8> 

_l 

5> 
o 

I— 

c 
o 
O 

O 
Q 
_i 
CO 



.y o 

2 S 

33 ill 



tf »J 5 o so 



to xi o 

-C -C 

AAAAAAAA 



SI 



I 



.AJ 



3K 



8f\ 



O i-^ CM CO O O O O 

in cp 6j c\i c\i c\i 

00" CJ> O -r-" C CD a> 

5 ?J b- to* £ °, O tO 

I I o O 0) o c i 

o o jz 1 -c 1 =5, i £ £ 

.t;.t:(3o I E ^ ^ 

a> a> £ ■£ o -Q -Q 

a> <d a) o) .2 

-a "a cd <d -Q 

T3 -a 



CD 

h-" 

o 

| 



CO 

as 



o 

c 
a? 



<2 3 



52/331 



O 
c 

c 



3 

CL 
CD 




.A. 



O 

J 

c 

ST 



_AJ 



E °> 
>o 

CO -J 

CD C 
C CD 

ZiO 



















'CL 






A 



A 
> 

3 



"O 
O 

E 

2 



3^ 



3 

cr 
P 



TT 



3 

o 



o 

o 
o 



w 
w 

Q_ 

■D 
O 



53/331 



\9A9\\ ndo no; 




TTTTTTTTTTTTTT 



EToo 

ICNIO) 

_r i ~ 
3 33 

.i'i'o' 



""ft 3 



I l 

i'i'i 



5"E 



CO 



i2 

o 



£ (8 co <o 5 c i E 

0>T3 T3 T3 | C "o 

0> O O © I Q) c c 
.Q-.C -C -C (0 0)0,3 

31111^3 3 
l ~' 2 l »' 3 l l3 £ C. 

"o :9 S3 i 1 — - 
o °- => 



O 



IJaaJ 



K 



leAejj no| ndo 



>|0B! ndo 



^1 


\ 


apooB~ndo 




CM 


u/vu~ndo 






\ 


BjBp~ndo~no! 


H> 


<- 


CM 


Apj _ ndo~noi 


-t> 


<- 




jnoBjBp~ndo 




<y 




|as _ noi~ndo 








jps~ndo 








jjaq~ndo~no| 


-> 




P!|BA 6nqap ndo not 


-o 



54/331 



2Z ° 
3 CO 
3 « 

-o 5 

sf 

E • 



— s 
g S 

*co a) 

1 S 

11 

2 < 



o 
a. 

o 

CO 
CD 

Q 



03 

-a 



CO II 

» g 



0) 

cd 
a 

1 

CD 



c 

CD 

a. 

£ o 

CO 0) 



CO 
00 
_CD 

1 a. 



P m O - 

" 5 



§ 3 

.E o 



CO w 
® CD 

1 s 



CO CO 

Q. _CD 

I 9 

O £ 



o 
II 

Ji 

W 

3> 




55/331 



O 

CD 
3 

3 



i. 



E 

A 



c 




.reset. 


O 

e\i 
ET 


■j 

Q. 

°, 


w 

o 


tim_ 


tim_ 


A 


A 



o 

"O 

sz 

II 



A A A A A 



<M\ 

co \ 



<D 

3 O 



to 
CO 

J 

a> 
E 



CD 
CO 



CO 



3 



CD 
Q) 



\ 



CNJN 
CO 



i 

o 
■a 



5 2 
a) c 



A A A A A AT 



co 



\ 4 



c 

CD 
D 



O 
CO 

E 



CM V 



CD 
O 



CD 
D 



C 

o 



CD 

5 : 



co 

CD 

5. 



o 
E 1 



CD 











\ 


CO 


"a 




"3 


CO 


o 




00 


E 1 


CO 










a. 


a. 


o 


o 



X 



-p 



x 



3 
CL 

o 



3 



j2 

CD 
"O 

=3 
Q. 
O 



V V, 



56/331 









CO 






A 




57/331 



CD 
CD 



0) 

E 
P 

a 

Q 



-<* 




CD 






A 





<0 



58/331 



1 .04ns 



PLL Master Clock 



clk320 



doclk 




clk160 



-C>| pclWjclk insertion delay 



FIG. 67 



59/331 



bufrejclkdomaindock generator 



xtalin 



xtalout<s 



reset_n> deglitch 



bufrefclk 



_deglitcb^ 





A 












pll_re 




PLL 
control 




State 
machine 




Clock driver 



usbclk 



fr£^>— ► master_pdk 



master_pclk- 
usb_cpr_reset_n- 
isi_cpr_reset_n - 
tim_cpr_reset_n - 
jclk_enable- 
gpio_cpr_wakeup- 



sync 



Reset + Sleep 
Logic 



masterjDclk- 



ii. 


A 






'4 y 


3 


stat 






i <=' 


\ 


c 


o 


o 

is 






s, 


£ 


— 

set_ 


set. 


GO 


£ 


£ 




1 




V 



/"21 



Configuration registers 



32 
f 

& 



I 

& 



/2 



CPU 



gate_dom[4] 



doclk 



gate_dom[0] 



master _pclk— 



gate_domp) 



gate_dom[2] 



gate_dom[3] 



gate_dom[5] 



Clock 
+\ Gate 



Clock 
_d Gate 



— ^£^>_^pclk_section[0] 
-^P»pclk_section[1 ] 



J Gate" -^>>Pdk_sec^on[2] 
— ^>->pclk_section[3] 



Clock 
Gate 



Clock 
Gate 



usbclk - 
reset_dom[3] 



Sync 



reset_dom[0] 



reset_dom[1] 



reset_dom[2] 



reset_dom[3] 



reset_dom[4] 



reset_dom[5] 



-► usbrst_n 

-► prst_n_section[0] 



-► prst_n_section[1] 
prst_n_section[2] 
-► prst_n_section[3] 

-► dorst_n 
-► jrst_n 



FIG. 63 



60/331 




61/331 




62/331 




O 



0 



0) 



3 

c 
o 

o 
o 

u 
u 
u> 
o 



ft) 
o 



63/331 



0) o 
cd o 

D) O 

=*=' 

O Q- 



3= 

O 

O 
*+— 

o 



-V 7 



II 
II 

CD 

"cc 

"D 
Q 



LO 
X 

o 
II 
II 



o 
II 



II 

CD 

«r- "O + 
W O) CO o 

I I J I 




<5 
u. 



CO 

E 
o 




o o 

O CD " °, ™ 

0° ii $ C |/§- 
«S 2-, °? o, © 3 o 

Q Q- O Q. 2 Q. Q_ 



64/331 



S _ 

0$ CD 



"O 

Q- 
O 



Q_ 

"i 



11 

Q_ Q- 



"D 



3 
Q_ 

p 



CD 
"O 

8 

CL 
O 



CD 



CL 

e' 

p 



8: 




2 


CM 


o 


CO 


Ma 


6x 


OM 


CD 


DC 





o 

CC 

E 

Q 

O 
LU 

C\J 



CO 



o 
o 

=) 

LL 



00 0 



o 
CO 

E 
g 
o 

LU 

15 

CM 



E 
o 

CO 

O 



GO 
ZD 



o 

3 



3 



do o 



65/331 




67/331 



a m m 

O O O 

g " II 

8 < z 



CO 

II 

CO 



5 



C ^ ^1 c u 

o o u o > 

\a < « \a 

'•3 ii z '-3 

s t 1 

CO CO .§ 

II II 

co a- 3 
1 









< 




oo" 


yte 


ata( 


eg 


Q 




< 




' — s 

oo 


<D 


eg 


>» 
DQ 










< 


O 






oo 






CQ 


1 




< 




O 
























Q 




or) 




CQ 



CQ 



OO 

¥ 



00 



68/331 



CPU 



Low Speed Serial 
Interface 



CM 

3 

CL 
O 



CD 

o 

I 



B 
o 
iS 

05 

& 



/'2 /'32 



s 

CL 

S 



CO 
CD 

'1 



configuration registers 



✓ "22 



^4 



5x32 



^5 1 



32 



^16 



/'22 



Clock 
Gen 



LSS bus 0 
master unit 



/z A 



CO 

"5 

J 

s 

-Q 



' 5x32 ' 



is 

03 
CD 



/"32 



LSS bus 1 
master unit 



y 1 



o 

3 

CL 



g 
'cl 

C0 



o 

"O 

o' 

CL 

°i 

CO 
C/3 



c 

3 

_c/> 

o 1 

CL 
CO 



o' 

CL 

8 



5 

o 

CO 



GPIO 




69/331 



r 



CO 
CO 



O 



CO 

en 

"O 
c 

CD 
CO 



CO 
CD 

CO 
"D 

c 

CD 
CO 



E 

3 

CO 



70/331 



e 
o 
o 

O 

0) 



CO o 
- "°| to' 

o. CO w 



J 



CO 

• E , to o, 

=* -°, CO 
o. CO « 
co 1 -52 

CO 



/— w — »- 

~i « o. 

o. CO 

co 1 i2 

CO 



CO 



CO 



CO 
CO 



o 



co 



co 

CO 





CO 


elk 




CO 






«' 


Ice 
loo. 


_co 



CO 
"O, 



CO 
CO 



CO 
CO 



O I 
€0 CO 
ID 40 

o — 

IS 

w to 
00 ^ 



II 

is 

OJ-Q 

a> j 
co to 

(0 (A 

u 

So 

f» to 

CQ ^ 



II 

»!■ 

CO (0 

s — - 

u 



CO w 



II 
2 

a> l 

w 52 

IB <0 

<5 CO 

5i2 
CQ ^ 



71/331 



Reset QRprst n = Q 

i_ 




State machine outputs, lss_icu_irq and 
LssStatusSet are zero unless otherwise 
indicated. 



Iss new cmd = 

Stoo == 1 AND 



1 AND 



RdWrEnable =_ 
IdByteEnable = 



1 AND 



IdByteEnable = 0 



-O^ TransmitByte ^d- 



RdWrEnable == 1 AND 

RdWrSense == 1 
count =TxRxByte Count 



AND count > 1 
count 



RdWrEnable Q 
OR Tx.RxByteCQunt=Q 



WaitForAck 



nack detect == 1 
}ss_status_set[2] = 1 
lss_icu_irq = 1 



ack detect == 1 
AND count == 1 

D — — y 



CheckStop 




count > 1 



count - 



SendAck 



count == 1 



lss_status_set[0] = 1 
lss_icu_irq = 1 



StPP=1 



^ GenerateStop ^O- 




lss_status_set[0] = 1 
lss_icu_irq = 1 



Generate 
Interrupt 



> 



FIG. 33 



72/331 




73/331 



USB Host 

a- 



CPU sub-system 



D- 



CPU 



RDU 



MMU 



TIM 



Maste 



Slave 



Boot ROM 



Stave 



Slave 
ICU k l>| 



Slave 
PSS k N 



SCB 



USB PHY 



USB 

Device 


<— 0 


DMA 










Crtl 






ISI 


<l — [> 





<l — I — 

. Slave ^ 



I 



cpr fr^La 



Motor Control, 
LSS, ISI, 
LED, etc. 



GPIO 



v 



. Slave fc 
<l D> 



LSS 
Master 



Slave 



Slave 



eDRAM 



DIU 



AAA 



Bus 

CPU Subsystem 



Slavey pcu 



Master 



DRAM bus 

w 



PEP Configuration Bus 



DRAM sub-system 



Print Engine Pipeline sub-system 



CDU 



CFU 



LBD 



SFU 



TE 






TFU 







DWU 



LLU 



PHI 



□ BMithic 
Printl 



Printhead 



HCU 








DNC 


< 



FIG. 35 



74/331 



CNJ 
+ 
C 

CO 
CO 
CD 
O 



+ 

c 

c/> 

CO 

CD 
o 
o 
ctj 



CO 
CO 
CD 

o 
o 

CO 



"O 

CD CD 

sg-o 

£ o 



T3 i 
CD CD 



CO 
CO 
CD 

o 
o 

CO 



CD CD 



75/331 




76/331 




77/331 




78/331 




79/331 




80/331 




81/331 




82/331 




83/331 



current timeslot 
pointer 



V 









n-1 


n 


n+1 
















I > 













FIG. 95 



SoPEC 




Units 









DRAM Arbitration Unit 
(DAU) 



#=0 



DRAM 
Controller 
Unit 
(DCU) 



eDRAM 



DIU 



FIG. 100 



84/331 



current timeslot 
pointer 



write timeslot lookahead 
pointer 











n 


n+1 


n+2 














I > 













FIG. 96 



w 



w 



w 



Programmed timeslot order 



w 




▼ 

w 


R 


▼ 

W 


R 












w 


R 


W 


R 


W 





Timeslot arbitration order 



Actual timeslot order 



write 
latency 



FIG. 97 



85/331 



W 



W 



Programmed timeslot order 



RW 




▼ 

RW R 



Timeslot arbitration order 



W 



R 



W 



Actual timeslot order 



write 
latency 



FIG. 93 



R 



W 



R 



W 



Programmed timeslot order 



RW 



W 



R 




Timeslot arbitration order 



R 



W 



W 



Actual timeslot order 



initial write 
latency 



FIG. 99 



86/331 



I 



cpu_rwn — 

cpu_diu_sel — 

cpu_adr[10:2] — 

cpu_dataout[31 :0] "~ 

cpu_rwn — 

cpu_acode[1 :0] — 

diu_cpu_data[31 :0] <j- 

diu_cpu_rdy < 

diu_cpu_berr <■ 

diu_cpu_debug_vaiid <■ 



<unit>_diu_rreq 
<unit>_diu_wreq 



re_ai 
re_ai 



rfcitrate 
rf)itrate. 



diu_<unit>_rack <■ 
<unit>_diu_radr[21 :5] — 



diu_<unit>_wack <■ 
<unit>_diu_wadr[21 :5] — 
scb_diu_wmask[7:0] _ 
cdu_diu_wadr[21 :3] — 
cpu_adr[21 :0] — 
cpu_diu_wmask[1 :0] _ 



write_d« 



dram_cpu_data[255:0] <^ 
diu_data[63:0] < 
diu_<unit>_rvalid <■ 



cpu_dataout[31 :0] - 
<unit>_diu_data[63:0] _ 
<unit>_diu_wvalid- 



CPU 
Configuration 

and 

Arbitration 

Logic 



DRAM Arbitration Unit (DAU) 

write_cmd_rdy 

2 

3 / read_cmd_rdy 

\-/- other DAU IO for debug 

<t~/- read_sel 

— read_complete 
5 y 

<$—/- write_sel 

— write_complete 
dau_dcu_reset_n 



wad 



arb_gnl| 2 



y V Y 



Comma nc 



Multiple 



KO 



ita_valid, 



:e_data_i iccept 



v 



s ' arb_sel 



dir. 



dau_dcu_msn2stall 



dcu_dau_refreshcomplete 



sel 



dcu_dau_adv 



dcu_dau_wadv 



dau_dcu_refresh 



dau_dcu_adr 



3l 



dau_dcu_rwn 



dau_dcu_cduwpage 



dau_dcu_wmask 32 



dau_dcu_wdata 256, 



wdata 
< / cpu_wdata 

write_sel 
write_complete 



2 2 2. 



Read 
and 

Write 

Data 

Multiplexor 



„ dcu__dau_rdata256, 

ft 



dcu_dau_rvalid 



wdata 
cpu_wdata 

write_cmd_rdy 
read_cmd_rdy 

—/-> read_sel 

read_complete 



DRAM 
Controller 
Unit 
(DCU) 



FIG. 101 



87/331 




88/331 







CVJ 






c 






CO 






E 




















CO 




CO 






E 
























C\J 






c 






CO 


co 




E 






\1 












CO 




CO 






E 












CO 






i— 






CVJ 






c 






CO 






E 












"O 




c 


CO 




CO 






E 






-4— • 






CO 












CM 






c 






CO 






E 












c 


"D 




CO 


CO 




E 












£2 









> 

ID 

CO 
"O. 



o 



CO 
CO 

S> 
■a 

T3 
CO 



< 

DC 
Q 



CD 



o 

CO 

E 

CD 

O 
T3 



> 

*i 

CO 

"°l 

=3 
O 



89/331 



f 



"D 

cr 2 
o J 



3 

CO 
"O 

II 



CO 

E 



o 
ii 



o 
II 

<D 
Q- 

E 

8 



o 
II 



LU _ 

cr o 



II 

5 



if 



O 
II 



m 



j 3 yi y) 

■s -s a a 



CO 



II 

3 

I 



V 





90/331 



co 

c. 

o 

CO 



CO 
CD 



O 
Q 



X 



co 



>s- Xr 



c/) 

c. 

o 

OsJ 



o 
o 



o 

-co- 



"E" 



o 
< 



o 
< 
o 



a 

o 

CO 



i 



CO 

o 



X" 



CO 

X 

CO 



8 



— X— X 



i— 

CO 

"X^ 



CO. 

c 
o 



O 
CL 



CO 



CO o 

o o 

< < 

in cvi 

< § 



O LU 

a- <i 



CO 
DC 



o a 

Q 2 

"55 



> 

*l 

co 
o 



91/331 



X 



X 



CO 

o 

CO 



— X 



X — 



CO 
<D 



CO 



X— X X — j- 



CO 

c- 
o 

C\J 



o 
o 



X — 



o 



. CL 

E 
H 



o 

< 



o 
< 



CO 

c- 
o 



X 



o 

Q 



CQ 



X 

CVJ 

Z 

CO 

x: _X 

CO 



u; 



CO 



X X- X X— 



X -X- 



X 



CO 

c 
o 



CO 
DC 



o 

CL 



CO 



CO o 

o o 

< < 

ui cvi 

T- O 

< < 



CD LU 

0- <: 



CD jS 
CO 



> 

0$ 



CO 



O 

■a 



92/331 



CO 

c. 
o 

CO 







CO 

c 
o 

CM 



CO 



o 



co 

c 

o 



— 



o 

-03- 

I— 



CO 

c 
o 



CM 
CO 



>< 

CO 

>4 



CO 

>< 



o 

Q_ 



CO ill 



LU 

cc 



CD 

eg 

CO 



> 
■o 



O 
"O 



93/331 



CO 
0) 



cd 



CO. 

c 
o 



o _ 

CO 



co_ 
CM 



s -^X 



Ql 

L 



cd 

Q_ 



X— X— X— X 



T 

"E 

Q. 

E 

1 



CO 

c 
o 



- X— X— X 



o 

< 

DC 



CO 

<- 
o 



CO 

Q 



CO 



CD 



CM 

< 



CVi 

Q 



X— X— X 



< 
o 



00 



x — 

I- 

co 

CO 

< 

CL 

~H" 

DC 
CL 

< 

CL 

-x — 



DC 
CL 

X 



-X- — 

DC 
CL 



- X— X— X 



o 

< 
o 



o 
Q 



CD 



X^ X— X— X— X 



CO 
CO 

x 

H 

CO 
DC 

X- 

h- 
CO 
DC 



o 

CL 



CO 



CD 
CL 



LU 



CO o z=z 

o o Q 

< < 

lo c\i 

T" O 

< < 



DO iS 



CD 

S 
CO 



> 
CO 

o 
■o 



94/331 



pclk 

<unit>_diu_rreq 
<unit>_diu_radr[21 :5] 



registered request 
in DAU Arbitration 
Logic 

dcu_dau_adv 
/ re_arbitrate 

DRAM address 

Stanti-alpns Rsafl,,,. 

dcu_statemachine 

diu_<unit>_rack 



diu_data[63:0] i 
diu <unit> rvalid 



adrl 



DRAM read 



Pack-to-Bask Reads,,, 

dcu_statemachine 

diu_<unit 1>_rack 
diu_<unit 2>_rack 
diu_data[63:0] 
diu_<unit 1>_rvalid 

diu_<uni 1 2>_rvalid 



<access other than> 

< a non-CPU read > < DRAM read 1 > < DRAM read 2 > 



rst 


msnl 


msn2 


rst 


msnl 


msn2 


rst 


msnl 


msn2 


rst 






rst 


msnl 


msn2 


rst 


msnl 


msn2 


rst 


msnl 


msn2 


msn2 


rst 


msnl 




FIG. 109 



95/331 




96/331 



Q_ O) 



3 
Q_ 

o 



CO 
CD 

2 

CD 



CD £ 



"5 <2 

I 8 

< o 



co 

o 
o 



CO 


CD 




2 










m 




' k_ 
-Q 


ycle 


CO CO 
O ID 


CO 


CPU. 
read 


in AH 


u 



Q 






C? 


DRAM 


access 
(MSN1) 


CO 
I c 

GO 

I II 

|8 
I" 2 

• 


cycle 3 



< _ 

>< CD >>0C 
Q co o ^ 



3 

2 — 



CO 
0) 

CO CO 



CD 



CD 



3 o 3 



c5 <2 
15 o 
< o 



o 



97/331 




98/331 




100/331 





101/331 




102/331 



if) 



CD 
C 

1c 
E 

S 

O 
Q 



CD 

IS 



> 
5 



co. & 



CD 
CO 



JQ 
CD 



103/331 



<unit>_diu_rreq - 

<unit>_diu_wreq - 

cpu_diu_rreq - 
diu_cpu_write_rdy 



10 



4- 



re_arbitrate 
re_arbitrate_wadv 
read_cmd_rdy[1 :0] 
write_cmd_rdy[1 :0] 



cpu_rwn 0 

cpu_diu_sel 

cpu_adr[10:2] 

cpu_dataout[31 :0] 1> 

cpu_acode[1 :0] 

diu_cpu_data[31 :0]<— 
diu_cpu_rdy<— 
diu_cpu_berr<— 
diu_cpu_debug_valid< 



CPU 
Interface 

and 
Configuration 

Registers 



configuration 



4* 



refresh_period 



1 



Arbitration 
Logic 



Refresh 
Controller 



CPUfreAccessTimeslots ^ 



CPUtotalTimeslots 



RotationSync 

debug signals n y 
1 — 



CPU 

Timeslots 
Controller 



4- 



cpu_access 



> arb_gnt 



dau_dcu_msn2stall 



arb_sel 



dir_sel 



FIG. 113 



104/331 




105/331 




106/331 



current timeslct 
pointer 









n-1 


n 


n+1 
















I ► 













FIG. 121 



current timeslot 
pointer 



write timeslot lookahead 
pointer 











n 


n+1 


n+2 














I ► 













FIG. 122 



current timeslot 
pointer 



write timeslo 
pointer 



ahead 




CPU pre-access 

write timeslot lookahead 











n 


n+1 


n+2 














I ► 













FIG. 123 



107/331 



10. 



<unit>_diu_rreq / > 



diu_cpu_write_rdy 



<unit>_diu_wreq 



Timeslot 
and Unused 

Slot 
Arbitration 



refresh_req 
(from Refresh Controller) 



Refresh 
Arbitration 



cpu_diu_rreq 
cpu_diu_wreq 
cpu_sel 

(from CPU Timeslot Controller) 



CPU 
fc} Arbitration 



/ > arb_sel 
-y^> dir_sel 



FIG. 124 




FIG. 125 



108/331 



O 
LU 

Q_ 
O 
CO 



o 

CO 



o 

LU 

□_ 



"O, 



CO 

2 



2 

T3 



"D, 



8 



1 

A 1 



to 



3 
T3 



! 

A 1 

c 



CD 
CD 



CD 

n h Q. 

e 



a 

CO 
CD 



s 



3 



3 



(ON 



3 



CD 



k2 
CD 
5= 
13 
_Q 

3 
CO 
"O 

•o 
co 

CD 



3 



"D 

S> 
CO 

CO 



V 



O 
*0 



CO >j 

CO 

1 



cdN 
m 



8, 

P 



I 

CO 

w 
o 

CD 
CO 



T3 
"cO 

8" 
c 
o 
c 



o 

I 5 

o 
c 

8 

o 
3 



CO 
CD 

QC 



\ 



t 

■D 1 

E 

CO 
CD 



edAi peaj 



l|0}blu ssajppe 







*\ 






arb_sel 


non-CPU 
data bi 


arb_gr 



\ 

CVJ 



CD 
T3 



109/331 




110/331 



arb_sel 

5. 



write en 



WE 



RE 

"5" 



5 reacMype 
—/- > 



read pointer 
logic 



shared_reacLcomplete 
cpu_read_complete[1 :0] 



FIG. 12& 



diu gQftreset n == 0 QR prst n == 0 

i 



sharecLrvalid = 1 
read_ptr++ 



sharecLrvalid = 1 
read_ptr++ 



shared_rvalid = 1 
read_ptr++ 



) = 0 ^Sharedldie^ 



shared_rvalid = 0 

shared_read_complete = 0 ( Shared Idle 



read type == non-CPU 

AND dcu dau rvalid == 1 



( sharedReadl ^o- 



( SharedRead2 ) 



(sharedRead3) 



shared_rvalid = 1 f ^\ 

read_ptr++ ( SharedRead4 } 

shared_read_compfete = 1 \ y 



read type == non-CPU 



read type!=* non-CPU 



FIG. 129 



111/331 




112/331 




u. 



113/331 




c 

CO 

-Q . 

-tf -5 

C 
C3 



o 

O 

a 

UJ 
Q. 



V V V 



pupqpaqsjinj nod 



pj|BAUiTss8jppe~norood 



CO 

"2, « 
x 



V V V V 



2\ 



o 

Q- 



CO 



ii 



~0 
O 



N 
CVJ 
CO 



s 



A A 



5 



V V 



E 
= 

2 _ 

c 3 
o O 



|Oj;uoo 



s 



ssajppe 



2 s 

DC o 



Q_ 
O 



115/331 



State Machine A 



softreset n = 




cmd source=1 AND 

cmd fifofcmd count1=RESERVED 

cmd_fifo_full=0 
cmd_fifo=0 
cmd_source=0 




pcujcu_addressjnvalid=1 



^uni> pen rdy = 1 

pcu_cpu„rdy=1 
pcu_cpu_data = <unit> _pcu_ 



FIG. 134 



116/331 



State Machine B 



pen softreset n == 0 QR prst n == 0 



^ Reset ^ 



pen sottreset n == 1 
ANP prst n == 1 



Q Wait 



cmd source==0 AND cmd fifo full==0 

ANp cmti pending l=0 
cmd_source = 1 
pcu_diu_rreq=1 

cmd_adr = NextBandCmdAdr[pending] 
pcu_diu_radr=cmd_adr 



cmd source==1 AND cmd fifo full==0 

pcu_diu_rreq=1 

pcu_diu_radr=cmd_adr 



( Ack ) 



dig pen racK==1 
pcu_diu_rreq=0 



FillFifo ^) 



tfiu peg ryaliCi==i 

cmdJifo[3]=diu_data 



Datal ^) 



diu dcu rvalid==1 
cmd_fifo[2]=diu_data 



Default (from all states except WAIT and RESET) 



cmd ?wrce=Q 

STATE = WAIT 



Data2 ^) 



din pcu ryalid==1 

cmd_fifo[1]=diu_data 



Data3 ^ 



dm dcu rvahd==1 
cmdjifo[0]=diu_data 
cmd_fifo_full=1 
cmd count = 3 

invafid_address[21 :5]=cmd_adr 
cmd_adr++ 



! FIG. 135 

i 



117/331 




-I 



118/331 



DRAM Interface Unit 



A A 



I 

"D 



"8 



"8 



"8 



"8 



^64 

J2 



end_of_band 



/ 

' 17 



compressed 
contone 
FIFO 



rd_en, wr_en 



fifo_wr_adr 



B fifo_rd_adr 
_^ 



V V 



Ai 



read 
control 
unit 




FIG. 137 



119/331 



Reset OR prst n==Q 
cdu_diu_rreq = 0 
ignore_data = 0 




QQ ==Q 
cdu_diu_rreq = 0 
ignore_data = 0 



< 



curr source adr != end source adrf18:2l 
AND rd count == 3 



cdu_diu_rreq = 0 
ignore_data = 0 



■C 



c 



<: 



idle 



> 



Go = 1 AND 

ppnePand == 0 



cdu_diu_rreq = 0 
ignore_data = 0 



req 



f ifp contents <= (fjfo size - 4) 

cdu_diu_rreq = 1 
ignore_data = 0 



ack 



3 



diu cdu rack == 1 



cdu_diu_rreq = 0 
ignore_data = 0 



read 



> 



{curr source adr.rd count} ; 
end source adr 

cdu_diu_rreq = 0 
ignore_data = 1 



FIG. 133 



120/331 



DRAM word p 
■ 

DRAM word p+4 



4 line 
store 



DRAM word p+4n 

DRAM word q 

■ 

DRAM word q+4 



4 line 
store 



DRAM word q+4n 



DRAM 



JPEG block 0 
lines 0 to 3 



JPEG block 1 
lines 0 to 3 



JPEG block n 
lines 0 to 3 



JPEG block 0 
lines 4 to 7 



JPEG block 1 
lines 4 to 7 



JPEG block n 
lines 4 to 7 



255 



191 



127 



63 



c: 


IL0 1 


c: 


:lo i 


C 


L0 i 


C( 


)L0 


c: 


IL1 I 


c: 


IL1 i 


C 


L1 t 


C( 


)L1 


c: 


h 


c: 


y 

!L2 I 


C 


1- 

12 i 


C< 


)L2 


V 1 

C3L3 I 


C2L3 I 


C1L3 i 


V 

C0L3 



word 


P 


word 


P+1 


word 


p+2 


word 


p+3 



255 




191 




127 




63 


0 


c: 


IL4 


i a 


!L4 


I C 


L4 


i C( 


)L4 


c: 


IL5 


I CJ 

H 


!L5 


H 

i c 

H 


L5 


H 

1 C( 


)L5 


c: 


IL6 


i c: 


!L6 


i c 

H ^ 


L6 


H 

1 C( 


)L6 


V 

C3L7 


■ V 

I C2L7 


i C1 


7 

L7 







word q 
word q+1 
word q+2 
word q+3 



> Implies 4 x 64 bit writes to consecutive 

words in one DRAM row, for a single 
CDU access to DRAM 

CX - Color X 

LY - Line Y or 8 bytes of a line in a JPEG block 



FIG. 139 



121/331 



Reset OR prst n = Q 
cdu_diu_wreq = 0 
cdu_diu_wva!id = 0 
rd_adv = 0 
rd_adv_half_block = 0 

t 1 

reset ^ ) 



cdu_diu_wreq = 0 
cdu_diu_wvalid = 0 
rd_adv = 0 
rd_adv_half_block = 0 



H>( ^ idle ^ 



Go=1 

cdu_diu_wreq = 0 
cdu_diu_wvalid = 0 
rd_adv = 0 

rd_adv_half_block = 0 



C 



req 



> 



line store ok to write == 1 AND 
half block ok to read = 1 
cdu_diu_wreq = 1 
cdu_diu_wvalid = 0 
rd_adv = 0 

rd_adv_half_block = 0 



Q ack ^ 



diu cdu wack = 1 
cdu_diu_wreq = 0 
cdu_diu_wvalid = 0 
rd_adv = 1 

rd_adv_half_block = 0 



read ^ ) 



cdu_diu_wreq = 0 
cdu_diu_wvalid = 1 
rd_adv = 1 

rd_adv_ha!f_block = 0 



write 1 ^ ) 



cdu_diu_wreq = 0 
cdu_diu_wvalid - 1 
rd_adv = 1 

rd_adv_half_b!ock = 0 



write2 ^) 



cdu_diu_wreq = 0 
cdu_diu_wvalid = 1 
rd_adv = 1 

rd_adv_half_block = 1 



Q write3 ^ 



cdu_diu_wreq = 0 
cdu_diu_wvalid = 1 
rd_adv = 0 

rd_adv_half_block = 0 



FIG. 140 ( writt4 > 



cdu_diu_wreq = 0 
cdu_diu_wvalid = ( 
rd_adv = 0 
rd_adv_half_block 



122/331 




FIG. 141 



123/331 



DRAM Interface Unit 



A A 



Contone 
Decoder Unit 



Ar< 



'64 



diu_control 



17 



decompressed \^_2y 



wr_buff, rcLbuff 



wr_en, rd_en 
contone buffer ^ wr_sel[1 :0], rd_sel[2:0] 



Y-scaling 
control unit 



y'32 



A* 



As 



K Cb Cr Y 

color space converter 
cp3 cp2 cp1 cpO 



As 



8 



YCrCb2RGB 



invert_color_plane 



As , 



configuration 
registers 



As 



A\aAa As Ab Az-j'z % 



✓ '32 



hcu control 



output 
double-buffer 



2„ wr_J)uff, rd_buff 



wr_en, rd_en 



v v 



v v v 



X-scaling 
control unit 



As /a 



's /a 



Conton 
FIFO Unott 



Halftone/Compositor Unit 



PEP Controller Unit 



FIG. 142 



124/331 



DRAM 



4 line 
store 



DRAM word p 
■ 

DRAM word p+4 



DRAM word p+4n 



— DRAM word q 



DRAM word q+4 



4 line 
store 



DRAM word q+4n 



JPEG block 0 


lines 


0to3 


JPEG block 1 


lines 


0 to 3 








JPEG block n 


lines 


0to3 


JPEG block 0 


lines 


4 to 7 


JPEG block 1 


lines 


4 to 7 








JPEG block n 


lines 


4 to 7 



255 



191 



127 



63 



0%1 



C2L0 



C2L1 



C3 ^2 I C2L2 



C3j ^3 I C2L3 



C1L0 I COLO 



C1L1 t C0L1 



1 

C1L2 I C0L2 



C1I3 i C0L3 



word 


P 


word 


p+1 


word 


p+2 


word 


p+3 



255 



191 



127 



63 



C3^4 



C2L4 i C1L4 i C0L4 



C^S i C2L5 i C1L5 i C0L5 



C3L6 i C2L6 I C1L6 I C0L6 



C3£ 



7 I C2L7 I C1L7 I C0L7 



word 


q 


word 


q+1 


word 


q+2 


word 


q+3 



Implies one 256 bit read of a word in DRAM 



CX - Color X 

LY - Line Y or 8 bytes of a line in a JPEG block 



FIG. 143 



125/331 



Reset OR prst n == Q 
cfu_diu_rreq = 0 

wr_sel = 0 
wr_adv_buff = 0 

reset ^ 



Qq = Q 
cfu_diu_rreq = 0 

wr_sel = 0 
wr_adv_buff = 0 



< 



idle 



c 



3 



Go ==1 

cfu_diu_rreq = 0 
wr_sel = 0 
wr_adv_buff = 0 



req 



c 



> 



lines qK tp read ANP 

buff ok to write 
cfu_diu_rreq = 1 
wr_sel = 0 
wr_adv_buff = 0 



ack 



c 



3 



dm cfu rack == 1 
cfu_diu_rreq - 0 
wr_sel = 0 
wr_adv_buff = 0 



readl 



c 



diu cfu rvalid = 1 



cfu_diu_rreq = 0 
wr_sel = 0 
wr_adv_buff = 0 



read2 



c 



3 



diu cfu rvalid == 1 



cfu_diu__rreq = 
wr_sel = 1 
wr_adv_buff = 0 



read3 



c 



J 



dm cfu rvaiid = 1 
cf u_diu_rreq = 0 
wr_sel = 2 
wr_adv_buff = 0 



read4 



> 



FIG. 144 



dig, cfu rvalid == 1 AND 
cfu_diu_rreq = 0 
wr_sel = 3 
wr_adv_buff = 1 



126/331 



color space 
converter/inverter 




> cpO 



> cp1 



> cp2 



t> cp3 



/A 

invert_color_plane 



FIG. 145 



DRAM 
Interface Unit 



PCU 



lbd_finishedband 
< 



LBD 



W 



Spot FIFO 
Unit 



HCU 



127/331 



LBD 



FIFO 



DECODE 



SFU 




FIFO 



nextjine 



Ae 



FIFO 



DRAM read 



All FIFOs are 64 bytes 
(twice the DRAM data 
word width) 



prevjine 



FIFO 



currjine 



64 



-7* ► DRAM write 



64 



DRAM read 



s l 



HCU 



FIG. 147 



128/331 



DRAM Interface Unit 
— s 



\64 



\17 



lossless bi-level 
decoder unit 



Stream 
Decoder 



2/'l5, 



pass_through_dot_length 



Command 
Controller 



7sr 
o 



15,' " 



o 
V 



Line Fill 
Unit 



pass_through_enable 



prevJine_source 



Register and 
Resets 



lines_remaining 



linejength 



V V V V 



< contro ' > 

aO r , 

—7^ W 



lbd_finishedband 



1 J*b1p 



Next Edge 
Unit 



"7 



lbd_sfu 



pladvword 



sfu _|bd_pldata 



sfujtd__rfy 



1 ldb_sfu_advline 



data 



16 Ibd'sfu wdata 

-^2 tz_ b 



datavalid 



! wdatavalic 



End of Band 
Unit 



Previous 
Line Buffer 



Spot FIFO 
Unit 



Next 
Line Buffer 



FIG. 143 



129/331 



DRAM Interface Unit 



1 



/'64 



Stream Decoder 



17 



state 
machine 



64 



CurrReadAdr 
S 



FIFO 
>=9 Locations 



'24 



/0 1 \< 

^ 5 — V 



✓ '24 




✓ '24 




SdAcc SdValid 

A 



StartOfBandStore 



EndOfBandStore 



Command Controller 



FIG. 149 



130/331 



<D 



O 

■a 



c 

CO 

o 
■o 



oo qoa 



eiiop 



T— 

-V 



CD 

■a 
o 
o 

« 
E 

CO 
CD 



pueujujoo 



CO 

iV 



>|0VPS 



P'RAPS 



CL 

5 



^ v 





LO 


eg 








CD 




"D 







Hun o6pa pou 
£t3 A — 2X" 



o 



CO 

o, 



CD 




CD 

"cO -fr 

m 8 



A A A A A 



5 

o' 



T3 
C 
CD 



o 

N 



CD 
O 

c 

CO 

> 
-«2 



0> 
O 

c 

8 

■D 
C 

CO 

E 
E 

8 



ljun mi aui| 



131/331 




132/331 



Z> 
LL 
CO 



5 



o 

"O 

o 
o 

<D 

Q 
E 

CO 

s> 

$5 



0) 

o 

c 
o 
O 
-o 
c 

CO 

E 
E 
o 
O 



CD 



O 



■o 

CO 



CD 

c 

'> 

-a 

CO 



-3 



T3 

JQ 









eiiepi 


mr 

^5 


1> 


PUBLULUOO, 


CM 


1> 


jo|oo""ps[ 




1> 


< L 






< lial 






euop nau 1 
<j = ' 






eve\s neuj 


CO 




mOuei'euji 1 


to 


1> 


jyv\ - n|j~jsj!|i 




0 


ZUOL|~Apei 




1> 







1> 


0B| 


m 


0 



<D 



U CD 
CD O) 



CM 

u: 



n 

8 '55 



O 

8. 



T3 
O 



CD 

CD .£ 

3 -g 

CO CO 

E 



2 

CD 
CO 

-1- 



JO 
Q. 



c 

CD 

9 

US 

1 



133/331 



16 

use_prevjine_a < y^— 



16 



use_prevjine_b <j — -/- 



pLbuff_rdy- 



16 



/ sfu_lbd_pldata 



pl_buff_rdy_dly 



FIG. 153 



134/331 



use_prevjine_a 



16 



color_neu 



use_prev_line_b 



19,' 



0 15 

3 

7^ 



transition_wtob 








19/ 



transition_btow 



A o 1 / 



19 / decode_b_ext & decode_b & Fl RST_FLU_WRITE 




1 9 / Kmasked_data 



encode_b_one_hot 



encode_b_4bit 

V 

b1p 



FIG. 154 



135/331 




FIG. 155 



136/331 



Z> 
LL 
CO 



CO A "D A <DA 

I 

CO 



C£>> 



mSue\ eu\\ 



o 
o 



CO 

E 
E 

8 



nj| qoe 



eui| jo pue 



jo|oo ps 



pua iBiuozuoq 



oo qoe 



OB 



i 



co 



o 
5 



J3 

CO 



<D 

O 
O 



O 
CO 



CO 
"O 

5 



-Q 



> 

to 
■o 1 

-Q 



o 
o 

3 
3 

o 



c 

CO 

E 

E 
o 
o 



2 LU -J 



C Q) 



a, 



137/331 




138/331 




139/331 



=> 
O 
X 



o 
> 
cc 



co 
■a 



to 



CO 

3 

O 



3 

a 



a) 

o »- 

CO oo O 

*; C >- cj) 

3 CD 



do 

C LL 

go: 
o 



CO 



c/> O 

3 LL 

■2EZ 
o 



-o 

•J 

Q. 



CD 



T3 
O 



JO 

5 



T3 



iS 

X) 



\ 



CD 
C 

> 

"a 

CO 



-Q 



CO 

CO 
—TO" 

I 



^5 

CO 
> 
CO 
-TO- 

1. 



CD 
C 



Q 

3 



140/331 



pcu_ 
pcu_sfu. 
pcu_adr[5: 
pcu_dataout[31 :0] 
sfu_pcu_datain[31 :0]< 
sfu_pcu_rdy< 




LBD 



sfu. 



Ibd_sfi _pladvword 



sfujb J_pldata 1§ 



lbd_s u_advline 



lbd_rdy 



HCU <j 



hcu 



sfu 



PCU 
Interface 



plf_rdy 



nlf_rdy 
lbd_sAj_wdata 16 



lbd_s u_wdatavalid 



lbd_dram_words 

V » 



sfu_advdot 



hcu_sdata ^ 



sf i_hcu_avail 



SFU 



sfu_go (to all sub-blocks) 



hcu_num_dots 



hcu_dram_words 



lbd_dram_words 



177 



start_sfu_adr 



end_sfu_adr 



hcu_readline_rd_adr i 7^ 
hcu_startreadline_adr 17 



lbd_nextline_wr_adr 17 



ibd_prevllne_rd_adr 17 



xstart_count 



xscale_num 


-V- 


1> 


xscale_denom 


-f 

4* 


1> 


yscale_num 


-V 


t> 


yscale_denom 





\> 

E> 



LBD Previous 
Line FIFO 



plf_diurreq 



plf_diurack 



plf_diurdata 64 



plf_diurvalid 



plf_diuidle 



LBD Next 
Line FIFO 



nlf_diuwreq 



nlf_diuwack 



nlf_diuwdata 64^ 



nlf_diuwvalid 



HCU Read 
Line FIFO 



hrf_hcu_endofline 


0 


hrf xadvance 




< 

hrf_diurreq 




hrLdiurack 


1? 


hrf_diurdata 64 


<\ 

hrf diurvalid 


hrf_diuidle 


fs 



DIU 
Interface 

Address 
Generator 
Unit 
(DAG) 



C> sfu_diu_wreq 
t> sfu_diu_wadr[21 :5] 
$> sfu_diu_data[63:0] 
> sfu_diu_wvalid 
diu_sfu_wack 



£> sfu_diu_rreq 

£> sfu_diu_radr[21 :5] 
diu_sfu_data[63:0] 
diu_sfu_rvalid 
diu_sfu_rack 



FIG. 160 



141/331 



cQ 
X3 



3 

Ql 



3 

Q. 



8 



2 

Ql 



I 

3 
T3. 



5 



i ? 

00 ^ 
CD 



CO 



0) 

5 



S 



"ccr 





V 


CO 





I 

O 



o .9 

O O) 



o 

CO 

in 

IN 



5§ 



Q co N 
CD T 



00 

w 

■D 

§ 

E 
2 

"D 

■o 



S 



5 



f 
3 

.o 



142/331 




143/331 



sfu ao==0 



— >^ Idle ^) diuidle = 1 



256-bits free in FIFO 



^Request ^ di 



Request ) diurreq = 1, diuidle 



Ack J) di 



diurack==1 

diurreq = 0 



diurvalid==1 



DataO J 



diurvalid==1 



Q Datal 



diurvalid==1 



^ Data2 J 



diurva»id==1 



^ Data3 J ) 



FAS. AS3 



144/331 



cr 

CD 



J* 

5 



15 
To 



c 

A 



"E 



s 



B 2 

I = 

CO 

■ 

CO 



I 

■Si 



03 
CD 



CD 



jpe i 



jpe peaj 



.3 



aiUM \\q 



US 8)UM 



N X - 

jpe 8)UM 







<D 






§ 




A 



CD 



\oe\es pjoaa 



o- 2 



1 * 

CO 

CO «0 



3 



145/331 




146/331 



sfu ao==0 
reset==0 j 




M Idle 



256-bits in FIFO 



Request ) diuwreq = 1 



| diurack==1 
DataO ^) diuwvalid=1 



Datal ] diuwvalid=1 



Data2 1 diuwvalid=1 



Data3 i diuwvalid=1 



FIG. 166 



147/331 



O 

X 

o 



00 



X 

o 



CO 



IX 



CM 
X 

o 



o 



CO 



C 



5 



CNJ 



E" 

on 
2 
Q 

s 

I 

i 



■p 



"O 

X) 



^3 



1 

"5 

"O 

5 



o 



5 

CO 

■o 

i 

CD 



X2 
CO 



CD 



148/331 




149/331 



3 

T3 



-o 



5 * 



"S u- 

O .ti 

00 S 



T3 
CO 
CD 



\ 



ID 

ffl i 

■c 
5 



•a 
co 



o 
o 

CD 
CO 



CD 



■o 



CO 
T3. 



E 



1 

CO 
O 



o 



o 
sz 



CO 



CO 

o 



CD 

o 

C 

CO 

■g 



o 
■o 
c 



•s 



150/331 



nlf_diuwreq 
nlf_adrvalid 



& 



write_req 



nlf_diuwack 



nlf_diuwdata 64 

y- 

nlf_diuwvalid 



DIU 

< Write 

Interface 



-> sfu_diu__wreq 



diu_sfu_wack 



64 



sfu_diu_data[63:0] 
> sfu_diu_wvalid 



FIG. UO 



hrf_diuidle 
plf_diuidle 



hrfjjiurack <- 



plf_diurack <- 



hrf_diurdata ^ 



plf_diurdata <j. 



plf_diurvalid <j- 



hrf_diurvalid <- 



select_hrfplf 

hi 



64 



/ 

V 

M 



<\ — 


/ 




/ 




64 




/ 


< — 





M 



\ 

M 



-t> diu_idle 



- diu_sfu_rack 



64 



-y£ — diu_sfu_data[63:0] 



diu_sfu_rvalid 



FIG. 171 



151/331 



hrf_diurreq 
hrf adrvalid 



plf_diurreq 



& 



plf_adrvalid 



& 



diu_sfu_rack 
diu idle 



Read Request 
Arbitration Logic 



2. 



2 

history 



busy 
> 



_{> select_hrfplf 
_[>sfij_diiL/req 



FIG. 172 



sfu_go 



start_sfu_adr 



end_sfu_adr 



By hcu_dram_words 



By lbd_dram_words 



hrf_diurack 



nlf_diuwack 



plf_diurack 



lbd_sfu_advline 



-0 



Address Generator 



17, sfu_diu_radr[21:5] 



17, sfu_diu_wadr[21:5] 



hcu_readline_rd_adr 



hcu_startreadline_adr 



Ibd nextline wr adr 



1 7 lbd_prevline_rd_adr 



hrf_adrvalid 



hlf_start_adrvalid 



nlf adrvalid 



plf_adrvalid 



152/331 



8 . xstart_count 

7^ 1> 


X Scaling Control 
Unit 


hrf_xadvance 


o xscale_num 


1 


— y > 

8 . xscale denom 
7^ t> 


hrf hcu endofline 


1> 

hcu_sfu advdot 


o 



FIG. 174 





yscale_num 






yscale_denom 


> 






> 




hrf_hcu_endofline 


1> 





hrf yadvance 


Y Scaling Control 
Unit 


1 



FIG. 175 



153/331 




154/331 



DRAM /i — M tag 
interface vV encoder 



PCU 



\ tag FIFO 
/ unit 



te finishedband 



V 



halftoner / 
compositor 



FIG. 177 




FIG. 173 



155/331 





(a) Netpage tag background pattern (b) Netpage tag showing data area 



FIG. 179 




FIG. 130 



156/331 



single light block 
= 2x2 white dots 




single dark block 
= 2x2 black dots 



21 blocks wide = 42 dots wide 
< ► 



position detection 
pattern 



data area 
cell 



□ 



FIG. 131 



Portrait orientation 



dot direction Landscape orientation 



CI^D C^D 

C**) 

^tag^) C^) 

0 





dot direction 
► 



® 0 



0 0 





0 0 





CO 

8 



Line direction 



Line direction 



FIG. 132 



157/331 




158/331 



(spjom \\q-99Z x S) sjiq 



CD 

S 



£ 

C\l 

< x 

m CO 
(0 

oo 

CO 



CO 

oo 

CD 



.5P. CO 
D <D 00 

oj'c co 

CD 

CM 
CO 



CO 

° *^ 

"* — ' -4— • 

c 

CD 
CNJ 



c 

"O " 

I 

CD 
CO 
CD 



CD = 
CO -° 



5 CN 



s 



o 




CNJ 




CO 




00 




c 




CD 


CD 
k_ 




£ 


2 


£ 




CD 


3 




3 




3 


3 


3 




3 


1 O 


O 


O 




O 


O 


O 




•*—> 
O 


! 3 


3 


3 




3 


3 


3 




3 


h_ 


V— 


k_ 




k_ 




k_ 




k_ 


W 


CO 


to 




CO 


-«— • 
CO 


CO 




CO 


CD 


CD 


CD 




CD 


CD 


CD 




CD 


c 


C 


_c 








C 




C 


s> 


o> 


CO 




s> 


O) 


O) 




co 


iS 


a 


cd 
■♦— » 















CD 

3 

O 
3 

c5 

E 
i— 

o 



.«5 



sejnjoruis eun &e\m6iQi-i6e± 



159/331 





always 1 


always 1 


always 1 




(background) 


(background) 


(background) 


position detection pattern 








(1 line all dark) 


data 


data 


data 


data area 


bitO 


bit 1 


bit 2 


(2 lines of 3 bits) 










data 


data 


data 




bit 4 


bits 


bit 3 



FIG. 135 



bO 



Legend 

constant 0 
constant 1 
data bit 0 
data bit 1 
data bit 2 
data bit 3 
data bit 4 
data bit 5 



b1 



b2 



b3 



b4 



b5 




bO 



DO 



DO 



DO 



bO 



D4 



D4 



b4 



b4 



b4 



bO 



bO 



bO 



bO 



bO 



bO 



b4 



b4 



b4 



b4 



b4 



b4 



b4 



bO 



bO 



bO 



DO 



DO 



bO 



D4 



b4 



b4 



b4 



b4 



D4 



b4 



bO 



bO 



bO 



bO 



bO 



bO 



b4 



D4 



D4 



b4 



D4 



D4 



b4 



bO 



bO 



bO 



bO 



bO 



bO 



b4 



b4 



b4 



b4 



D4 



b4 



b4 



bO 



bO 



bO 



bO 



bO 



DO 



b4 



D4 



D4 



b4 



D4 



b4 



D4 



DO 



bO 



bO 



bO 



bO 



b4 



b4 



b4 



b4 



b4 



bl 



b1 



b1 



b1 



b1 



b5 



b5 



b5 



b5 



b5 



b1 



b1 



b1 



b1 



b1 



b1 



b5 



b5 



b5 



b5 



b5 



b5 



b5 



b1 



b1 



b1 



b1 



b1 



b1 



b5 



b5 



b5 



b5 



b5 



b5 



b5 



b1 



b1 



b1 



b1 



b1 



b1 



b5 



b5 



b5 



D5 



b5 



b5 



b5 



b1 



b1 



b1 



b1 



b1 



b1 



b5 



b5 



b5 



b5 



b5 



b5 



b5 



b1 



b1 



b1 



b1 



b1 



b1 



b5 



b5 



D5 



b5 



b5 



D5 



b5 



b1 



b1 



b1 



b1 



b1 



b5 



b5 



b5 



D5 



b5 



b2 



b2 



b2 



b2 



b2 



D3 



b3 



D3 



b3 



b3 



b2 



b2 



b2 



b2 



b2 



b2 



D3 



b3 



b3 



b3 



D3 



b3 



b3 



b2 



b2 



b2 



b2 



D2 



b2 



D3 



D3 



D3 



D3 



D3 



b3 



D3 



b2 



b2 



b2 



b2 



b2 



b2 



b3 



D3 



b3 



b3 



D3 



b3 



b3 



b2 



b2 



b2 



b2 



b2 



b2 



b3 



b3 



D3 



b3 



b3 



b3 



b3 



b2 



b2 



b2 



b2 



b2 



D2 



b3 



b3 



b3 



b3 



D3 



b3 



b3 



b2 



b2 



b2 



b2 



b2 



b3 



b3 



b3 



b3 



D3 



FIG. 136 



160/331 



DRAM interface 



/'17 



^64 



5 ? — 

,'17 



tag encoder 
unit 



lastdotlntag — 
advtagline — 
tfsvalid <- 



TFS 
interface 



dotposvalid ' 



£ 

& 



tagMaxDotpairs — 3-> a-b 



LU 

03 



lastdotintag 
lastdotintagl 



b 

dotPos 



'2 ^2 
§ 

HI 

3 



etdRdAdrO 



etdRdAdrl 



4- 



tag data 
interface 



taglsPrinted 



1 

-7^ 



bit 1 



bitO 



bit 1 



bitO 



✓'1 ,'1 



dotposvalid 



bo 



lastDotlnTagl 



-> tdValid 



/'1 



Logic 



state 
machine 



8 



1 

c 
iS 
Q_ 



£✓'14 2(lo bits) 



o 

dotslnTag g 



o 

L7 I 



1 



o7 



00 



■D 

<D 



,'2 



10 



/'1 



3 x 2-bit 
shift register 



6 (lo bits) 



/'8 te_tfu_wdata 



Tag Fifo Unit 



PCU 



FIG. 137 



161/331 




162/331 




163/331 



eg 

CD 



CM d 

1 cm g 

2 * 5 °, 

— CO ^ 



O > £ 

■o 2 *= 



< 



O) 

o 

■D 



CO 

> 



CO 
> 
CO 

*3 



CD 



J* 

o 

I 



O) 
CO 



CD 



< 



o 

CL 



0)T3 "D 0 a 

CO — — ~ c 

1 5 5 I I 

« s « w a 

O, CO 

T= CD 



O 
"D 



164/331 



Reset OR Go == 0 



1 



Go ==Q 



Idle J 




Go == l 

7 


(jTagDotLine^ 




1 



while producing valid ta g lines 



FIG. 190 



TDI 



TFS 
Interface 



tdLetdO 



tdLetdl 



tdLtagisprinted 



tfsi_ta_dot0[1] 



tfsLta_dotO[0] 



tfsi_ta_dot1[1] 



tfsLta_dot1[0] 



D 



dots[0] 



D 



dots[1] 



dotsintag 



FIG. 192 



165/331 



lastdotintagl 



dotsintag 



tfsvalid 



tdvalid 


►( 


dotpos 






currdotlineadr_ 



dotpairsp erline 




FIG. 193 



dotsintag 1 




lineintagl 



dotposvalid 



te tlh i oktowritfil 



FIG. 194 



166/331 



dotsintag- 
tfsva1id2- 
tdvalid2- 
currtagplaneadr 



[13:2] 




*- te tfu we 



+ te_tlbi_wradr 



FIG. 195 



tagmaxdotpairs 






tagdotnum 


► 

a 






► 




b ' 


dotpos 



FIG. 196 



167/331 



tejinishedband 
< 



etdRdAdrO 



etdRdAdrt 



tag data 
interface 



Ievel3_mux • 



RScontrol 
dataRedun ' 

dataRedun 
decode2DEn 



DRAM interface 



/ 17 / 



'64 



raw tag 
data interface 
FSM 



y rtdAvail ^ 



rtdRd 



state 
machine 



Sy' 64 



1 

-7^ 



tagData (2 x 64 bits) 



/20 



/'20 



✓ '28 



20 



/'28 



/2.0 



V V V V 



✓ '20 



/'20 



✓ '28 



✓ 28 



Ievel1_mux P sO j 2>X 6 1 j 2/^v 6 iT 7 I taglsPrinted 

/fefJ /f 28 /^20 ^28 

Ievel2_mux [\Q 1/ t X 0 1/ 



/'28 
_2 



j> RSO 



=Q 



selLow 



dec 



✓ "4 



p RSI 



4 4 

V 



selLow 



dec 



✓<* 



fevel4_mux 



-l>sS_ 



4 4 

V 



,'4 



,'8 
V 



encoded tag data interface 
A — zr 



Si ^ 

i 



/'6 



5 



-> tdValid 

— lastDotlnTag 

— lastDotlnTag 1 



-> taglsPrinted 



-> etdO 
^> etd! 



FIG. 197 



168/331 




169/331 



2? 
0} 



u. 




170/331 



variabledatapresent == 0 



5 C idle ) 



go == 1 AND wr rd counter < 15 



I ^ 



end of 
burst 



DIILACCESS 



3> 



CtTM M rack==1 



(^FIFO_LOArT) 



donebapd == 1 



doneband == 0 



-^rtd_stallT) 



FIG. 200 



DRAM addresses 



address 
increasing 



band N 



band N + 1 



cdu_startofbandstore 

TE_endoftagdata (for band N) 

TE_endoftagdata (for band N+1 ) 
cdu_endofbandstore 



FIG. 20I 



171/331 




172/331 



halftaglineO/1 





DRAM 




tdi_diu_adr 


31 29. . 


..10 


tdi_diu_adr+1 


63 62.. 


..33 32 


tdi_diu_adr+2 


95 94. . 


..65 64 


tdi_diu_adr+3 


127 126. . 


..97 96 



p — | curr_write_adr/cunr_read_adr 
curr_write_adr+1/curT_read_adr+1 

LJ > 



127 126.. 



TE_tagdata(1 1 9:0) TE_tagdata(1 1 9:0) 



TE_tagdata(127:0) 


1918.. 


.. 1 0 


63 62 . . .10 


39 38.. 


.. 21 2C 


127 126.. ..65 64 


59 58.. 


..41 40 




79 78.. 


..61 60 




99 98.. 


..81 8C 




119 118. 


.101 10C 



d4 d3 d 2 d 2 dp 



wradr(5:0) 



TE_tagdata(119:0) 



d4 d 3 d 2 di do 



dg dg d 7 d 6 d 5 



RSO 



P9 P8 P7 P6 P5 P4 P3 P2 Pi PO d 4 d 3 d 2 d 1 d 0 



RS1 



do to d9 are encoded and stored 
during cycles N to N+14 



wradr(5:0) 



d 14 d 13 d 12 d 11 d 1Q 



d 19 d 18 d 17 d 16 d 15 



RSO 



P29 P28 P27 P26 P25 P24 P23 P22 P21 P20 d 14 d 13 d 12 d 11 d 10 



RSI t> P39 P38 P37 P36 P35 P34 P33 P32 P31 P30 d 19 d 18 d 17 d 16 d 15 



d10 to di9 are encoded and stored 
during cycles N+15 to N+29 













d 24 d 23 d 22 d 21 d 20 


. c 


d 29 d 28 d 27 d 26 d 25 



RSO 



codeword 3 

codeword 2 • 



hE 


P39 P29 


1D 


P38 P28 


1C 


P37 P27 


1B 


P36P26 


1A 


P35P25 


19 


P34 P24 


18 


P33P23 


17 


P32P22 


16 


P31 P21 


15 


P30P20 


14 


d 19 d 14 


13 


d 18 d 13 


12 


d l7 d 12 


11 


d 16 d 11 


10 


d 15 d 10 




* t 



" I P49 P48 P47 P46 P45 P44 P43 P42 P41 P40 d 24 d 23 d 22 0^1 d 20~ 



d20 to d29 are encoded and stored 
during cycles N+30 to N+44 



RS1 E} PS9 P58 P57 P56 P55 P54 P53 P52 P51 P50 d 29 <*28 d 27 d 26 d 25~ 



-> I P19 P18 P17 Pl6 P15 P14 Pl3 P12 P11 P10 <*9 d 8 d 7 °6 ^T" 



codeword 



wradr(5:0) 



lOE 


P19P9 


OD 


P18P8 


OC 


P17P7 


OB 


P16P6 


OA 


P15P5 


09 


P14 P4 


08 


P13 P3 


07 


P12P2 


06 


P11 Pi 


05 


P10P0 


04 


d 9 d 4 


03 


d 8 d 3 


02 


d 7 d2 


01 


d 6 d 1 


00 


d 5 d 0 


.-*t 


10- 





jd2E 


P59 P49 


/I 20 


P58P48 


// 20 


P57 P47 


/I 23 


P56P46 


K / 2A 


P55P45 


\/ 29 


P54 P44 


A 28 


P53 P43 


tA 27 


P52P42 


A \ 26 


P51 P41 


\\ 25 


P50P40 


\\ 24 


d 29 d 24 


\\ 23 


d 28 d 23 


\\ 22 


d 27 d 22 


V 21 


d 26 d 21 


V 20 


<^25 d 20 


codeword 5 ^ 

codeword 4 ' 



FIG. 203 



173/331 




CM 

"O 

CO 



CO 



a. 

CM 
CL 



Ql 
CM 

cl 

CO 

cl 



CO 
CL 



CL 
CO 

CL 
h- 

CL 



CL 
CL 



i 













CO 


DC 




QC 




T3 




S> 




o 




CO 




"O 




C 
CO 






+ 




T3 




O 
o 


o 


c 2 


<D 


C/5 


a> 


CD 


CO 




cr> 




"O 


CO 


o 


c 






o 




T3 "O 



174/331 



CM 


CO 
CM 


CM 
CM 


CM 


8 




CO 


CM 


"6" 

CD 
"6" 


O 
"6" 




CO 
"O 

00 
"O 


CM 

■a 

r*. 
TJ 








"D 

05 

T? 


"D 

CO 


-o 


"O 

s 


m 

CM 


-a 

Ol 
X5 


■6" 

00 
■D 


"6" 

■6" 


CD 

"O 


CO 
T3 


o 
7? 


4 1 

"1 1 



I CD 

{ o 

o « 
o 



o 
6) 



CO 
03 

■a 

LU 




175/331 



halftaglineO/1 





DRAM 




tdi_diu_adr 


31 29.. 


..10 


t(fi_diu_adr+1 


63 62.. 


..33 32 


tdi_diu_adr42 


95 94. . 


..65 64 


tdi_diii_adr+3 


127 126. . 


. .97 96 



TE_tagdata(1 1 1 :0) TE_tagdata( 1 1 1 :0) 



' ~~ I cu rT_writ e_ad r/cu rr_ read_adr 

I — > 

curr_write_adr+1 /curr_read_adr+1 

i > 



1 




63 62.. 


..10 


127 126. . 


. .65 64 


i i 



TE_tagdata( 127:0) 


27 26.. 


..10 


63 62 . . .10 


55 54.. 


.. 29 2£ 


127 126.. ..65 64 


83 62.. 


..57 56 




111 110.. 


..65 84 



de d 5 d4 d 3 d 2 d2 dp 



TE_tagdata(111:0) 



de ds 64 d 3 d 2 d 2 d 0 



di3 d 12 d n d^dg de d 7 




P7 P6 P5 P4 P3 P2 Pi PO d 6 d 5 d 4 d 3 d 2 d 1 d 0 



P15 P14 P13 P12 P11 P10 P9 P8 d 13 d 12 d 11 d 10 d 9 d 8 <b 



do to d1 3 are encoded and stored 
during cycles N to N+14 



P15 P7 
P14 Ps 

P13P5 

P12 P4 

P11 P3 

P10P2 

P9 Pi 

Pe P o 

d 13 d 6 
d 12 d S 
d 11 d 4 
d 10 d 3 
d 9 d 2 

d e d i 

d 7 °<) 



TE_tagdata(Ul:0) 



d 20 d 19 d 18 d 17 d 16 d 15 d 14 



d 27 d 26 °25 d 24 d 23 °22 d 21 



RSO 



P23 P22 P21 P20 P19 P18 P17 Pl6 d 20 d 19 d 18 d 17 d 16 d 15 d 14 



RS1 



fc> P31 P30 P29 P28 P27 P26 P25 P24 d 27 026 d 25 d 24 023 d 22 d 21 



d14 to d27 are encoded and stored 
during cycles N+15 to N+29 



p 3i P23 
1 P30P22 
: P29 P21 

P28 P20 

P27 Pl9 
P26P18 
P25 Pl7 
P24 Pl6 
°27 d 20 
d 26 d 19 
d 25 d 18 
d 24 d 17 
d 23 d 16 
d 22 d 1S 

d 21 d 14 



codeword 3 

codeword 2 



FIG. 206 



176/331 




CO 



CO 

"O 



CL 



CO 

"D 

o> 
■o 

o 

-a 
■a" 

C\J 
CO 
CO 

Ol 

O) 
CL 

o 
Ql 

cl 

CNJ 

CL 
CO 
CL 

CL 



u: 



1 



o 






to 




CO 


DC 







J/ 



CO 

. J 



co 



•o 
o 

CO 

c 

CO ^ 

Y + 

So 



Q) CO 
"° O) 

o c 

O 3 

"o -a 



177/331 



halftaglineO/1 



TE_tagdata( 119:0) TE_tagdata( 1 1 9:0) 



TE_tagdata( 127:0) 



63 62. 



127 126. . 



63 62 . 



. 1 0 



TE_tagdata{119:0) 



1918.. 


..1 0 


39 38.. 


..21 2C 


59 58.. 


..41 40 


79 78.. 


.. 61 6C 


99 98.. 


.. 81 8t 


119118. 


.101 10C 



h 4 l 4 h 3 1 3 h 2 l 2 h 1 1, h 0 tp 



: upper 2-bits of symbol x 
lower 2-bits of symbol x 



= \\ after 2D decoding (4-bits long) 
= l x after 2D decoding (4-bits long) 



2D Decoding 



wradr(5:0) 



n 4 U n 3 '3 n 2 '2 n i '1 n o '0 



n 9 '9 n 8 'e n 7 I7 n 6 l6 h s l 5 




codeword 
codeword 0 



30E 


X 


X 


OD 


X 


X 


OC 


X 


X 


OB 


X 


X 


OA 


X 


X 


09 


H 9 


H 4 


08 


H 8 


H 3 


07 


H 7 H 2 


06 


H 6 H 1 


05 


H 5 


H 0 


04 


L9 


u, 


03 


La 


L 2 


02 


L 7 


L 2 


01 


Le 


Li 


00 


L 5 


Lo 


.-n 



X = dont care 







00 


000 1 


01 


00 1 0 


1 0 


01 00 


1 1 


1 000 



X = dont care 



n 14 'l4 n 13 'l 3 n 12 '12 n n '11 n io '10 



n 19 'l9 n 18 '18 n 17 J 17 n 16 'l6 n 15 'l5 



h 24 l 24 b 23 I23 ^22 [ 22 n 21 '21 h 20 '20 
n 29 '29 n 28 ! 28 n 27 >27 "26 '26 n 25 '25 




X = dont care 




codeword 3 

codeword 2 



codeword 5 - 
codeword ^ 



FIG. 203 



178/331 



CM 



I 





u 




o 


E 


nc 


CD 




N 




CO 








~o 






RS 


sym 



T 



CM 




179/331 



o 

CO 

o, 



i! 




3 
-o 

a? 
I 

■D 
LU 



E 



_i or 



iHSI 



O " 



IHSI 



•a 

CO 

T3 

3? 

-D 



o 

CO 



c 
0) 

E 

?5 

Q) CD CD Q} 

cO 

CO co 



i2 
c 

CD 

CO CD 
£ CD 

T3 CD 
1 E 

CO o 
(/> <g 
qjO 

o CO 
C *D 

cd -a 
■o co 



180/331 




181/331 




182/331 



b 3 



c 3 c 2 
0 exclusive OR gate 



C, C( 



FIG. 214 



b 3 a 3 b 2 a 2 a 1 lr 



C3 C2 C«| 

0 exclusive OR gate 



FIG. 215 



183/331 



-cm 



control 7 



h 0 (a 6 ) hi (a 11 ) h 2 (a 5 ) h 3 (a 13 ) h 4 (a 2 ) h 5 (a 4 ) h 6 (a 2 ) (a 14 ) 



b t +b2 

bo+b2 
bo+b^ba 



b^ba+bg 
bo+b, 
bo+b t +b2 
bo+bt+ba+bg 



4*7 



bsj+bg 
bo+ba 
bo+bt+bg 
b 1+ b2 



bo+b 1 +b 2 

bo 
bo+b. 



n4r 



b2+t>3 

bg+ba 
b, 



m 



bo+b3 

bo+bi+bg 

b 1+ b2 
bz+ba 



ft 



b2+b3 
bo+ba 
bi 



bo+b, 
ba 
ba 



at 



4 



a 




control_5 



go(« 10 ) 9i(«) g 2 (a 6 ) g 3 (a) g 4 (a 2 ) g 5 (a 14 ) g 6 (a 6 ) g 7 (a 9 ) g 8 (a 3 ) g 9 (o?) 

bo+ba+ba bg b,+ba b3 bo+b, b,+ba b,+ba b, ba 




ba+ba 
bo+ba 
b. 



ba 

bo 



3; 



bi+ba 
bo+ba 
bo+^+bg 



bo+bt+ba+ba 
b^ba+ba 
bo+ba+ba 



bi+ba 
b2+b3 
bo+ba 



Ft 



ba+b3 
bo+ba 
bi 



2$ 



□ 



i, + exclusive OR gate 
4-bit shift register 



rs_data_in(3:0) 
(d B ,d 5 ,)d 4 ,cb.d2,d 1 .Cb 



rs_data_out{3:0) 
eo.e^.-.eta.e^ 



FIG. 216 



184/331 



o 



CO 

■a 

O) 

3 
■o 

0) 
■D 
O 

o 
c 



2 

(0 



a 



"S iS 
-g-o on 
o $ -o 

CD -2 



\ 

-0"- 



o 

-t> 2 

<D 



■gS « 

O CO "O 

O O) 

s § « 



CD 
<0 



n 



<2 

"O 

< 

.a 



CM 



la 



Q 



•2 
Id 



O 
CD 



O 
CD 



CO 
CO 
"O 



<2 

l 



0 



& 



I 

CD 



< 

"2 



5 



185/331 




186/331 



o o 



s 

0) 



(0 
T3 

U) 

8 

G) 

.2 

2 

T3 
CD 

T3 
O 
O 



t-N 



O ^ 

■85 

5 ^ 



CM 



eg "o 3 

ill 

to 



A A A A 



0> i5 a5 
-Q ctS ifcr 

'ca o>"° 
§ eg xi 

CO 



— . ____ 



CO 



oo 

Is 



A A A A 



EC 



6 



\ 



0 



<2 ^ -5 S 
1 1 1 3 



187/331 



O 
=5 

o 




188/331 



c 

CO 




CM 



o 

CO 



CO 



CM 
CO 



CO 



i 

eg 

00 



o 



"D (0 
T3 C 



(D 



2 ii 

Us 

$> CO . 

£c9 



189/331 



tfsvalid == 1 AND 

top aflvtagline == 1 



top go==i 




diu tfs rack == 1 



read num == 16 



read num == 31 



tls next 



tfs vaM ==o 



tls tfsvalid set 



FIG. 222 



190/331 



I 

A 



2 

CO 

o 

Q_ 

* 



<5 t: 

1 1 

DC CC 

2 S 

CD 
A 



CD 

A 



Q> 
O 

I 

E 



i 



1 



< 8 

_CD £ 
CO 



■o 
•o 
O 

CO 
CM 



s 

1X1 



OUj 



CD 
O 



1 



< 
T3 
DC 



>\ S\ 









table C 


terface 




upvphq* 

CD 

£ 1 


c 












OJPVPdqi 1 


A A 


A A 







co 8 

-Q en 



2\ 



CD .5= 

§ o 

CO CO 

E 



o 
Q 

iS 



1 

co 



2 
42 



V V 



eoBjjeiiu lAlVhia 



CD 
co 
c 

CD 
CO 

CD 

a 



CD 
C 

Zj 

O) 

I 



191/331 



O 

« iS 

CO «S 



2 IS 

>> >> 

u o 

5 3 * 

o o 



2 2 



l3j a 



o 

08 



< 



c\f\ oT\ 



OA 



CM 

od 

CO 

to 





< 
















3 s 






CM 



192/331 




193/331 



< 



Si 



.a 



, CM . 

N V + A + 



5 1 




0 2" 

<u S 


O 


tabl 
(10 






0) 

05 

c 
</> 

< 



C 

Lj 
CD 
LL 



8 

CL 
■♦— • 
O 



194/331 



as 



I 



On 



< 



TST 



s 



-Q DO 
» -Q 
CT> 3 

X w 
CM ® 
CO -Q 
CO 



"O 
CO 

\ 



AAA 



« CO 



in \ io \ 







CO 




■ 


0Q 


CD 




X 


CO 


CM 


a> 


CO -O 










A 


A 



co 



T3 
CO 



OS 



CO 



<2 

< < 

OC DC $ 



£ 

i2 



o 

-O 

5 



CD 

O 
v. 

< 



A A 



jpejMqi 



co 5 g- 



00 



cm iS S 



CO \ 



CO 



E 

-g £ o 



1/ 



m 



195/331 



3 



O 



O 



CO 



o 
32 



3 



(0 



5. 



-g 



m 
tr 



00 



s: 

o 



Q_ 

1 



00 



196/331 



raj? <S 
Li. .£ 



_ 1 8 

O <° 
W IL ® 



o © 



|Oj;uoo 



eieps 



< 


|OJJUOO 


H> 










b;bpco 


-0 










te*ep20 


-o 


oo 










-o 


oo 








fettepoo 




< 







|Oj;uoo 



« 
o 

Q_ 

E 
o 
O 



o 

CO 



03 



CO 

v 



jop 



|Oj;uoo 







o 


"O 


CD 


CO 


CO 
CD 


N 


en 


■D 


O 

c 


comp 



CO 



5 2. 



c 

< o 



197/331 



Contone 
FIFO Unit 



2 



Spot 
FIFO Unit 



Tag 
FIFO Unit 



Halftoner / Compositor Unit 



i P 



^32 



V V V V 



contone 
dotgen 



'32 



config 
registers 



A A 



margins 



DM indices 



tm/avail_mask 



max_dot 



DM addresses 



dither_constant 



double_line_buf , 



spot 
dotgen 



to 



V V V V 



tagpiane 
dotgen 



'6 



dot reorg 
0 



dot reorg 



dot reorg 
2 



dot reorg 
3 



dot reorg 
4 



dot reorg 
5 



control 
unit 



m_page 



output_buff_full 



wr_advdot 



output 
buffer 



'64 



PCU 



DRAM Interface 
Unit 



Dead Nozzle 
Compensator 



FIG. 231 



198/331 



5 

A 



o 



<D 

I J 
<U CO 



A A 

1 -r^\ CO 



AAA A A A 



E 



2" 



"D 
=3 



3 
O 



3 



|IBAB~~Uip 



eut|Ape 



eui|ApB tup 



T3 -C T3 

A 



IPS 



A A A A A 



v00 



in .9 
i 

Q. 



CO 



socTjjno 1 



J* 



gu|| jjno 



U16JBIU do; J8^B 



e6Bd~ui 

Ul BJBai~dO^Bl~J9UB 



contone 
spot 

margin , 
unit 


CD 










-> |BA~J9H^p~edO 
-> |BA~J9L|HP~2dO 



-C> |ba jemip ido 



-> |BA jeijMP Odo 
— ^nq~eu!reiqnop 



lUBLuejoureuH 

jpB~LUp~pU9 
JpB~LUp~VIBiS 

juBisuoo~jem!p 
seoiput wq 

sui6jblu euoiuoo 
A~U!6jBLU~86Bd 
sw6jblu 6jsi 



199/331 




200/331 



target top margin 



c 

CO 

E 
% 

3 



target bottom margin 



target page 

printable page area 
(physical page) 



FIG. 234 



201/331 




202/331 



E 

3 

iS 



■o 

CO 

I 

E 

"D 



CD 

E 



J -i 



■o 
c 

CD 



0) 

co 



T3 
CO 
CD 



E 



jpej nip noi| 



>|0BJ non nip 



ben n;p noq 



pi|BAj~noq~n!p 



ejep nip 



\ 



\ 



CD 

iSo 
to 



0) 

o 



S 



1! 

i- CD 



CO 

3 

■o 

CO 



o\ COS 00\ 00 s 



75 £ 



S 

■o 

CO 



CO o 

■sSf 



7S A S A S X 



c 

s 

CO 



00 



oo 



-4 



o 



E 
■o 



1 1 

co co 



W CO ^ J 

o o °. -°. 



°l °l 
s s 
I = 

J "J 
i'l' 



x 1 .£ 

CD - 

J "§ 

Q. O 

E 



_ E 



12 



1? 



12 



203/331 



Q)<D<D<D<DQ)<DQ) 



start_dm_adr 



end_dm_adr 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



linejncrement = 
doubleline _buf 



FIG. 237 



204/331 



Reset QRprst n = Q 
hcu_diu_rreq = 0 
hcu_diu_radr = 0 
access_count = 0 
wr_adr = 0 

T 

reset ^ ) 



Gq==q 

hcu_diu_rreq = 0 
hcu_diu_radr ~ hcu_diu_radr 
access_count = access_count 
wr_adr = wr_adr 



< 



idle 



J 



diu hcu rvalid = 1 AND 

access count = 3/7 AND 

hcu diu radr != end dm adr 



hcu_diu_rreq = 0 
hcu_diu_radr = line_start_adr + 
line_increment 
line_start_adr = line_start_adr + 
linejncrement 
access_count = 0 
wr_adr++ 



r 



~ 5o==1 A ND 
dm read enable = 1 
hcu_diu_rreq = 0 
hcu_diu_radr = starl_dm_adr 
line_start_adr = start_dm_adr 
access_count = 0 
wr_adr = 0 



req 



> 



buff ful l = Q 



hcu_diu_rreq = 1 
hcu_diu_radr = hcu_diu_radr 
access_count = access_count 
wr_adr - wr_adr 



C 



ack 



diu hcu rack = 1 
hcu_diu_rreq = 0 
hcu_diu_radr = hcu_diu_radr 
access_count = access_count 
wr_adr = wr_adr 



diu hcu rvalid = 1 AND 

access count l= 3/7 AND 
hcu diu radr l= end dm adr 
hcu_diu_rreq - 0 
hcu_diu_radr = hcu_diu_radr + 1 
access_count ++ 
wr_adr ++ 



Q readl ^ 



diu hcu rvalid == 1 
hcu_diu_rreq = 0 
hcu_dlu_radr = hcu_diu_radr 
access_count = access_count 
wr_adr ++ 



C 



read2 



3 



diu hcu rvalid = 1 
hcu_diu_rreq = 0 
hcu_diu_radr = hcu_diu_radr 
access_count = access_count 
wr_adr ++ 



C 



read3 



diu hcu rvalid = 1 
hcu_diu_rreq = 0 
hcu_diu_radr= hcu_diu_radr 
access_count - access_count 
wr_adr ++ 



T read4 



> 



diu hcu rvalid = 1 ANP 
hcu diu radr = end dm adr 

hcu_diu_rreq = 0 
hcu_diu_radr = start_dm_adr 
line_start_adr = start_dm_adr 
access_count = 0 
wr_adr++ 



FIG. 233 



205/331 



8 



" J 



CD 
S? 

3 



* CO c 



I 



A 



S 



o -c 

1 3 

; 9 



_ a> 
O £ 



5 



c 
o 

CO 

o 

Cl 

o 



CO 
CL 

o 



o 

"c 

3 
k_ 

<D 

x: 
■♦^ 



SZ 
■ ♦— > 



CM 

3 
»_ 
0) 
■ »-< 
T3 



CO 



C 
ZJ 



c 
o 

0) 



2 
<s> 
c 
o 
o 

o 

Q. 
O 



Q 
O 



8 



& 



2 



o 
o 

CO 
Q. 
O 



8 



0ON v 



0C>\ 



i 

3 



CO 



<0 

3. 



I 



Odld 3U01UOQ 



206/331 



S- o 
o 



og 
£ 

o 

T3 



\ 

CO ^ 



O) 

11 



207/331 




208/331 




209/331 




210/331 







DRAM 












Dead Nozzle 
Data 

r 




HCU 


raw dot 


DNC 


compensated ^ 


DWU 


data * 


dot * 



FIG. 244 




FIG. 245 



n-1 



n+1 



dot A 



dot B 



dotC 



direction of dot movement 



FIG. 246 



211/331 



DRAM Interface Unit 



hcu_dnc_data 



HCU 



hcu_dnc_avail 



1 dnc_hcu_ready 



6 



Ae4 



V V 



ink 

replacement 
unit 



iru avail 



iru_data 



iru_dn_mask 



edu_ready 



error 
diffusion 
unit 



A 3 



36/ 



max_dot 



16, 



configuration 
registers 



~& s s ~K 



/l 



Azz 



fixative maskl 



fixative_mask2 



4<- 
4<- 



"8 

/T6>T6 
_2_ 



^ fixative 
correction 
unit 



Dead Nozzle Compensator 



As 



V V 



PEP Controller Unit 



Dotline Writer Unit 



FIG. 247 



212/331 



hcu_dnc data 



diffuse_enable 



,'64 



dead 
nozzle 
FIFO 



At 



GenMask 
unit 



cr 



o 
c 

"D 



rd_en, wr_en 



fifo_wr_adr 



4- 

5 y fifo_rd_adr 
"7* 



preload 



rd adv 



dotadv 



dn_mask 



4- 



2 

T3 



■o 

CO 



o 
c 

"D 



o' 



17 



control 
unit 





hcu_dnc_avail 




<- 


dnc_hcu_ready 






17^ dn_table_start. 


> 

_adr 


<H 
<J- 


17^ dn_table_end_ 


.adr 




iru_avail 




<H 


edu_ready 


— > 



iru_dn_mask 



replace 


6 


iru_data 




unit 





36 , plane[5-0]_replace_patte rn 



FIG. 243 



213/331 



dn_table_rreq = 0 



tin ta^e radr;=tin table end adr 

AND rd count = 3 



dn_table_rreq = 0 
dn_table_radr ++ 



RgsetORprst n==Q 
dn_table_rreq = 0 
dn_table_radr = 0 



reset ^ 



< 



c 



< Q idle J 



S?_table_rreq = 0 

dn_table_radr = dn_table_start_adr 



req 



> 



fjfQ CQHtgntg <= (FjfQ$ize - 4) 
dn_table_rreq = 1 
dn_table_radr = dn_1able_radr 



ack 



ig <Jnc racK = 1 
_table_rreq = 0 
dn_table_radr = dn_table_radr 



read 



dn table radr dn table end adr 
AND rd count = 3 
dn_table_rreq = 0 
dn_table_radr = dn_table_start_adr 



FIG. 249 



214/331 




FIG. 250 



215/331 



CO 

E 



3 
Q) 



V 
CO 



"D. 



<D 



\ 

\ CD \ 



T3 

CD 

E 
o 

c 
2 



o 
E 2 

CD 



O 

2 o> 



Q) 



JO 



CD 
O 

d o c 

"O 
CO 



o 
■a, 



■a. 



CO 
CO 

E 



Q) 



5 

TJ 



>> 

03 
9> 



T3 
CD 



216/331 



CVJ 
CO 



LO 
CO 



CM 



CO 



in 



co 



CO 

CM 

CM 
CM 
CM 
CO 
CM 

CM 
lO 
CM 
CO 
CM 

CM 
CO 
CM 
O) 
CM 

o 

CO 




Cm 
SO 

u; 




SO 

CM 



217/331 




O £> O O O O 
O O O O O O 

O O O O O O 



o o o 
o o o 
O O O 



o o o 
o o o 
O O O 



5 



I 

CO 
CD 
CO 

3 

CL 

s. 

03 
CL 



218/331 



2 

cd 

CO 







Color 5 


HI 




O 






Color 4 


LU 




o 






Color 3 


LU 




o 






Color 2 


HI 




o 






Color 1 


LU 




o 






Color 0 


LU 




o 







Sec 
8 

C 

LU 



CO 



8 S-g 



CD 
CL 
CO 
CL 



ZO 



LO 



in 



o 



LO 
CVJ 



8 a 



3 



o 



LO 



LO 
LO 



CD 
C 



c 

CL 



5 
O 



CD 
CL 
CO 
CL 



SO 



219/331 



<0 

JO 



q5w 



3^ Q> 



4 



0) 



o 
o 



I 

oc 
c 

$ 



s 



s 



8 



8> 
o 
w 

0 
c 

s 
■s 

LU 



UUiiUHU 



0 



o 
u 
c 

LU 

i 

DC 

■o 
■o 
O 



V 



s 



Q 



0) 
v— 

o 

CO 

c 
cc 

s 



3 CO o> 



J(T(0 



220/331 



NozzleSkew[Color 1] 

< — C> 



printhead A 



printhead B 



< — txh 
-printable area 1 ' 



printable area 



-Xh 



LineSize 

non-printable area 1 = inverted non-printable area 2 



non-printable area 2 
-> 



FIG. 257 



printhead A printhead B 



FIG. 253 



221/331 




222/331 



CM 



3 ® © 



o 
"S 

I 



y- CM 

"E "E 
I I 



to co 

CM CM 



o T- 



CM 

"2 
o 



I 



8 8 



"2 
p 



I 



c 

0) 
</> 
O) 

c 

'« 

(0 

u 



Q 



(0 



35 

o 
Q 



LU 



to 
to 

CM 



in 

CO 

o 

lO 

s" 

LO 

s 

LO 



& 



CO 
LO 

CM 



CM 

cf 



I*- 



CM 

° 

I 

CO 

o 

CD 
O 



in 
co" 
to 

LO 

cm" 



-E o 

O CNJ 



3 



3 



0) 
(0 

c 

0> 
CO 

O) 

c 

w 

(0 

2 

o 

0) 
Q 

Q 



© 
CO 



55 

% 
a 



2 

UJ 



3 



3 



3 



Si 



CO 

£ o 

M 



1 

CM 
LO 



3 



CM 
i — 

z 

z 

3 



CO 
CO* 

o 



<D 
CO 

C 

to 

LO 
CM 



m 



s 

GO 
CM 

5 

CO 
CM 

i 

co 

CM 



O 

cm" 



223/331 



CO 

o 
o 

o 

CD 
CO 

c 

0) 
CO 

O) 

c 

"55 

CO 

2:> 

o < 



















































(woi 














CM 










o 
c 






O 




CVJ 




■ 


■ 








nel 






ine 


ine 


ine 




ine 


ine 


ine 






_i 






_i 




_i 




_i 


-j 


-j 






Color! 




Dot 


Dot 


Dot 




Dot 


Dot 


Dot 






r 



















•o 

% 

CO 

Ctf ^ 
00 co 

o"2 
o § 



-H 



CO 

c 



"8 

CD 

I 



to 

CD 



II 

CD 
N 

CO 

o 



K- 



~H o 
— H 



CO 
L. 

o 
o 
o 

CD 
CO 

c 

CD 
(/) 
O) 

c 

Si 

go 



"E 
1 
o 

CD 



O 
O 
O 



CD 



CD 



3 
8 

CO ^ 
QQ CO 

O g 
O § 



224/331 



DNC 



DRAM Interface Unit 



A A A 
✓ '64 



V V 



Data skew 
— s — 



>6 ' 



dwu_dnc_ready 
dwu_ready 



Buffer 

address 

generator 



12x4/ 



c 

a' 

E 



wr_bit 



wr_dot_data 



2x64 
2x6 



2 



wr_adr 



2x3 

4^- 



x 12 



DIU 
Buffer 

8 words 
x 64bits 



rd_adr 



12x3 



rd_data 12ff4 



linejin 



2x4 



DIU 

interface 



>1e 



A A A A 



12x17 



o 

"28 



12x8 



color_line_inc 



color_enable 



Configuration 
registers 



A A 



max_write_ahead % 
^2 



filllevel 



dwu_go_pulse — 
dwu_dnc_ready<i- 



dwu_ready<- 
zero_fill — 



V V 



FIFO fill 
level 



Dot Writer Unit 



432 



✓ 32 



V V 



PEP Controller Unit 



LLU 



FAS. 263 



225/331 




CM 



226/331 



IT) 
CM 



3 

5 



jpe eseq jojoo • 

0Ur9Uj|~JO|OO 

esues^euirjoioo 



4- 



1. 



T- \ 



A 



CO o 

5 c 
■g cd 

< O) 



2\ 



2 2 y 



O 
o 

CD 

cz 



oo 



.8 



0) 

CO 
CD 



e;epdn jpe 



ujpdnojb 



}UD JO|O0 



U9 pj jnq 



' ejepdrTbaj 
eA(pe~bej 



8^ 

CD C 

18 



CD 

J2 

3 



A A 75 



V 

3 »' 

■s I =1 



! 1 



-O 

03 
C 

8 



3 i. 

> 3 




227/331 



2 9 



-a £ 

cd a? 

s % 

CO 

E © 



c g 

CO <D 

E N 

"as <d 

E * 

2 i3 

| g. 

11 

2 < 



3 CD 

CD CO 

> T3 

I = 

r o5 



© 

■a 

a? 

o 
c 



o 



id £ 
^ g 

o 

p 



s si s i 



eg co 
P P 



— © 5" 

5 w£ 



i 
t 1 



Q Q 



IIS i 



CC Q 



^ § § 



i5 ^5 

Q Q Q 




II 



!! H s 

P k-m 
O) 2: 



II 

o'!i 

8 co 



228/331 



00 



CD 



LO 



CO 



CM 



"§5 

88-8 
iSio 







Color 5 


LU 




o 






Color 4 


LU 




o 






Color 3 


LU 




o 






Color 2 


LU 




O 






Color 1 


LU 




O 






Color 0 


LU 




o 







05 



LO 



LO 



o 

CM 



LO 
CM 



O 
CO 



LO 

co 



Q_ 
(0 
CL 



LO 



O 
LO 



LO 
LO 



o 

CD 



229/331 




Q. 



"D 



CO 
Q. 



o 



C£> 
CM 



CD 



3 <° 

g. o 



230/331 




231/331 



I 

CO 

To 
o 

"t 



CN 

CO 



CO 

■o 



< 

CD 



O 

o 



CD ▼ 



CO 

B 



cd 

CD 

i_ 

CO 
-O 

JS 

C 



CO 
CO 
-Q 

iS 
c 

Q. 



CM 
CO 

2 

CO 
c 

CL 

CD C 
N O 

o5 = 

g 3 

c 
II 

£ 

CO 

a> 
n 
£3 



CM 



c 
o 
c 



232/331 




233/331 



CM 



5 ^ 



T5 

cd 

CD 



c 

O 



3 °r 



o 
S3 



3 



3 

3 



53 



3 S 
■s ° 



A 



O X 

O C 
> <D 
LU O 



A^ 



A 



O o) 



CO 
X 



0) "S o 

5m |£ 



A A~ 



si 



8\ 5 



CO 



CD "2 ' R 

is 

Q CD <g * 



S — S 



DO) 



5 § , 



5 5" 



"o 



3 i 1 3 

■o 73 — 



! 



A A A 



pj 3U|| 



5 

tH LL. — 



o 
A 



CD Q, 

y i 

CO o 

J °l 

A A oo^L 



CD 



jm eu\\ n|| n/wp 



->pj au;i n/wp n|| 



o 



q/e Jid~;uajjno 



jpB eseq jojoo 



J 



4- 



pJOM UlOf > 



CM 



auj| |9J jo|oo 



ua jm jjd 



7^ 



jpe jm j;d 



ejep jm Jjd 



g 

'•4— > 



O)0) 

o 05 
O £ 



-> Apj nod~n|| 



.00 

X ^ > U!^Bp~"nod~nn 
<j_^2_ moi3jBp~nod 
jjpB~pB~nod 
|as~n|| _ nod 
UMJ~nod 




234/331 



1 

3 

A 



3 

o 



.A 



CO 






A 



CO 



.A 



CD 



h>z: 



CO 



2 
< 

CO 

c 



CD 



CO 



CO 



c 

8 



3- 



5, S, ■§ g 
1 i °r =' 



O 



CD 
N 

'"i 

CD 
C 



235/331 



^5 



« 

i a 

o o 

8 8 



^ CM ^ 



AAA 



2 



"2 c 

3 3 
?• 3 



■a 

3 



A 



w 2 

5 c 
< o> 



o 
o 



3 ^ 



O O 



? 

| P o 

o 5, a 

.2 *o 'o 



c 



CD 

co 

E. 

3 





V V V 


^ ||BJS U|0[ 




V C\J 


> Word 
count 

> 


<PV =-3- 

N |os j;d 



£2 
a> 

"o 

CD 



2\ 



13. 



3 
3 



I a> 



! 31 

CD 

4 I § 



oo 



V V 



w CO 
O > 

SI 





< 


U!j~dncxi6 


« 


co eA!pe~baj 




n ;uo~jo|00 


< 


9iepdn~baj ^ 




ue jm jnq 



8=i 

CO o 

18 



A A 



AAA 



co cr ^ -o 

Q) CO CD P = 

I J- CO CO 

- 3 5 3 5 

3 =' 3 5 

s = ' i 



-O 
CO 
c 

8 



CO 

5 



3 s 


s 


3 


A 



CO N 



° € 



236/331 



■o 

±i 3 

3 s 

45 w 

" CO 
>» 5 

X> £ 

<D 03 

iS 3 

to 

il 

co c 

CO 3 
C O 

£ 8 
CO CD 

E co 



2 < 



CD 

Q 



- 2 il 

CO ^ > 

3 CD C 

rn O 

CO cs 



co 

"D 
CL 



s 



"182 3 

"55 *= *= co 



O 
Q) 
CD 
CO 

1 

CD 

<2 

-9 

o 
O 



CO 
CD 



c 

2 
o 
"2 
§ 
iS 

CO 

Q 



i 

B 

CO 

Q 



CO CO 

c c 

CO (0 

CM CO 

p "P 



i 
I 



i 

CO 
Q 



1 

cc a 



8" 



B 

CO CO CO 

Q Q a 



8 

CM 




237/331 




238/331 




239/331 




240/331 




241/331 




242/331 




243/331 




244/331 



icu 

A A A 
f 

c' 

•c 

3 

1] i 



PEP Controller Unit 



debug_cntrt- 
debug_data_vaHdjj- 



It* 



V V 



Line Loader Unit (LLU) 



PrintHead 
Interface 



v v 



Configuration 
Registers 



V V 



6x32 



dot_cni_snap 



-> cpUo_wr 
-> pin_config 



Dot 

Counter 



data_config 



fire_config 



sync confio 



PHI 

Controller 



^ fire rdv 



lastline 



i^i line st 
f<! lineJSin 



sync_t 



2 y 
\ 



'2 /^2x6 



Datapath 
Unit 



-{H Fire 

Generator 



Sync 

Generator 



v v 4. 



4% 



V V 1 



CPU IO Control 



Master 
SoPEC 



V V 



| 
V V 



/^2x2 



V 



Bi-lithic Printhead 



1 pclk domain (160 Mhz) 



i doclk domain (320 Mhz) 



FIG. 235 



245/331 



fi % 

E «? 

OJ c 
CO 3 

5 O 

to — — 

2< 




Cp 
X 



3 

£ £ I 

•a *s co *s eo 

C C a) C <i) 

6 8% 8% 



8 

o 
o 



g 8. 

to © 

§ <S & 



III It 

- tE CO CO 



CO CO 



I 



< to 

'I 



A 



II 

o. 



3 



DC 

o_ 



1 



03 



O 



CD 

CD 
DC 



<i 3 

0)0 || 
col Qj o 



V 



C C 

Is 



38^ 




rS II 

£ li 

O 

c 

>* 

CO 



— o 

So' 
c 

>»"»- 
oi2 „ 

„ 11 c 

P 

8£ 



o 
II 



O 
_l 

o 
c 
>» 
CO 



31 



5 

c 

8181 



II 



X 

o 
c 
>* 
CO 



Sis 



246/331 



<D _ 
CO CO 






. — 


i 






A 


t 



c 

o. 



247/331 



T5 
- 3 
3 CO 

.a e 

<D CD 

If 

S 8 

E ® 
co c 

CO 3 

.£ P 



CO CD 

E cB 



o 



U 75 
O 



o 
o 

? E 



CO 

6 & 



8 

U 

O 

CD 
-Q 

E 



c LL 

CD o 

CL ~ 

_^ <D 

"O « 

LL C 



.2 

8 

O 

O 
u. 
<D 
-Q 

E 



5 
o 



LL LL 

(D <D 

2 ~ "5 ~ tr 



c 

O O 

o o 



CD 3 
C Q. 

I! 

2 < 



CD 

DC 



s? 

CL 



f I 

CD CD 
LL LL 



O 
11 II 

J J 



CO 
0) 
DC 



V 



co ex 



o 
II 



0) 
CD 

Ll. 



CL 

9> 



X 



3 1 

§8 



]j>9 li 



9 8 



II 



5 
o 

I 

0) 



o 

II 

d 11 ^ 

< 3-7= 

1!3 

I Is 



248/331 



Reset QR phi go pulse==1 



< 



Reset 



> 



phi qo==1 
data_st = 1 

line__count =pagejen Jine 



^ FirstLine^- 



line fin == 1 AND 
data fin 1=1 



data fin==1 

line_count ~ 



^ PhntStarT^ print_rdy=1 



print start ==1 



data fin = 1 ANP 

line count != 1 
line_count - 



SyncWait^ sync_en =1 



line st == 1 
data_st = 1 
fire_st = 1 
sync_st = 1 



LineTrans 



data fin == 1 ANP 

line count == 1 
line_count- 



line fin == 1 AND ^ 

data fin 1=1 



phi go pul§e==1 



sync_en =1 



i ^Underrun ^ 



Underrun J underrun_error 



fire rdy ==1 
page_finish =1 



LastLine ^ 



LastLine ) lastjine=1 
sync_en =1 



FIG. 239 



249/331 



print_head_sizep]- 



dot_order_mode - 



print_head_size[1 }- 
data_st - 
print_head_rate[1 h 
dot_margin[1J- 



phLserial_ordert1J. 

Iine_st • 
phead_swap • 



Line Loader Unit (LLU) 



I 



A 2 A 2x6 



t> Dot Order B <* 



ready[1) 



E 



_\<h 



dot_cnt_rst 



mid_ptf11,line_finf1l 



gen_en[1] 



1 



r 



2x6 



Datapath Unit 



ready[0] 



mode_sel 



mid_ptf01,lin9_finf01 



Dot Order A 



Dot Order 
Controller 



v v 



Dot Buffer 
32x6bits 



>6 



7e 



! 
I 



^ Data 
-> Generator B 

■0 



/ 12 



data_finf1l 



gen_en[0] 



to 

T3 

S V 



Dot Buffer 
32x6bits 



>6 



data_finfOl 



Data 

Generator A 



Data 

serializer B 



2 2 2 



/'l2 



print_head_size[0] 



print_head_size[0] 



Data 

serializer A 



print_head_rate[0] 
dot_margin[0] 



phi_serial_order(0] 

line_st 

phead_swap 



ST 

1 



¥ 

1 



1 pclk domain (160 Mhz) 



i i doclk domain (320 Mhz) 



FIG. 290 



250/331 



TJ CO 
>s > 

-Q £ 
CU O 

Sf 
£ ° 

CD CO 

E ® 

OJ c 
CO z> 

e 2 

g a 

"OJ 0 

i * 

.it 

25 



CD 

o « o 

~ o .9 



CD 
CO 
CD 



.2 



CD 
Q 



CD 

QC 



CD 
C 

CD 



2 8 



2 J 

CD C 

c — 

CL O 

o *- 



CO 
CD 

s 

CO 



O) A 
O 



8 °r 

Q. E 



s 

CD 



CO 



I 3 



Q- 
C 

CD CD 
CD > 



1 e 

S LU 

CD CD 

c c 



s 

Q 



o 
o 



Q 

cc 



CO 
CD 



5 

"O 



o 



CO 
<D 

QC 



(0 o 



CD 

o 

5gg 
133 

■oTT 




CD 

o 
£ 



I Q) Q) 



I I 



CD CD 



iS 

CO 

CD 



"D 



CD 
T3 
O 

5 

CD 
P 



-goo 

J! AJL 

CD O t— 

X c c 

2 CD CD 

E u>o> 



CD 

c 



CD 
"O 

o 
E 



CD 

Jaa 
o I I 
■otj -g 

■ EE 


"CD O 
CO k " 



CD 



c c 

CD CD 



<D 



II 

J. 
o 



CD 
C 



251/331 



o 
o 



3 « 
fl 8 
SI 

!» 

CD W 

E Q> 
co c 

CO D 

- 2 

CO CD c 

C N o o 

?£ S 2 

a? co o 
*- +2 to 

© 5 5 
c Q- Q 

I! I I 

5 < co tr 



CO 

2 

CO 

E 



<D 
-O 

E 

C 

2 
CO 
<D 



E E 

2 2 

"D T3 

O O 

Q Q 

o a> 



■a "D 

03 CO 

CD (D 

QC DC 



3 5 

to CO 

1 1 

f e 2 



% 

c 

CD 
o> 
<0 
c5 
Q 



c c 

8 8 
a a 



t— C\J CO 



2 



CD CD CD 

o a o ^ w 

d a d s s 

CO CO CO & 5 

a a a $ 5 



O O CD 

■a -a 75 
o o o 



2 5 

iS £ 

CO 3 

I l 

§ a 

CD © 

« 2 

^ CD 

co a) 

Q O 



1 

o 
Q 

© 

CD 



CD 

o 

$2 5) 

1 s 



<D 
C 

CD CD 

cd cd 



o 

k_ 
CD 
X) 

E 

3 



to 
O 
□_ 

2 

CO 



y- CVJ CO 



CD CD ~ 

CD CD § 

E> E> £ 

CO CO 

2 2 co 



CM 




252/331 




253/331 



03 
cS 

Q. 







CM 


A 



r~. 

3 W :I 8, 

o (d J J 

"D O) (0 « 




cm 



254/331 



G XQ O 



o o o 



Color mi 



-e-e- 



-e-e 




e-e- 



-e-e- 



Color n 



o o ex — 



O Q » Q 



Type 0 printhead 

± 



Q«Q Q 



-e-e- 



Color n 



H O o o 



-e-e- 



Type 2 printhead 

± 



O O 



-e-e- 



Color n 



CXQ O 



-e-e 



Type 4 printhead 

± 



O O 



-e-e- 



Color n 



o « o o 



-e-e- 



Type 6 printhead 



Type 1 printhead 

± 



O O 



o o o 



// 



Color n 



Q Q 



o o » o 




Type 3 printhead 



e-e- 



-e-e*e 



Color m 



-e-e- 



-e-e- 



Type 5 printhead 



O Q 



-e-e*e 



// 



Color n 



O Q 



O O 



Type 7 printhead 



255/331 



Printhead A 



Printhead B 












° 2 4 Colors 


QQO QQ(H 

\n m+2 m+4 n-6 n-4 n-2 

s \ Color 5 

^*>1r>+3 m+S n-5 o-3 n-1 

[POO O OO 






OmO O O O Q 




O 2 4 ro-6 m-4 JR 1 

Color 4 \ v 

13 3 m-5 ro-3 nil 

Q O O O Q 


pi m+2 m+4 o5 tn4 1^5 ~~ 

\ \ Color 4 

JrfliTH-3 m+5 n-5 n-3 n-1 

looo O OO 






OO O O O Q 1 




0 2 4 m-6 m-4 JB 1 

Color3 fB Jl, 

6 6 ooli 


2^+4 _ o3 J4 iS 

s \ Color 3 

«-lm+3m+5 n-5 n-3 n-1 

looo e-oo 







&-Sr*l 




Color 2 ^Ja, 


^n+2^m+4 t3 £2 

\ \ Color 2 

ip-ln>t3m+5 n-5 n-3 n-1 

HOQ O OK) 










^o"S ^4 SStft 1 

Color 1 \ y 

_ 1 3 3 ro-5 n>3 nil 

O O O O O 


Sm-2^»*4 (2 »5 n^2 

s V Color 1 

Jn+lm+3 m+5 n-5 n-3 n-1 

|ooo 0 o»o 










^"^2 S Si 1 

Color 0 \ y 

_ 1 3 5 n>-5 m-3 nil 

►Q O O O O G 


^2*m+4 nS J5 

s V Color 0 

Ap-lm+3m+5 n-5 n-3 n-1 

[000 O OX) 





Gnd 



n 

Direction 
of Paper How 



FIG. 296 



256/331 



Printhead A 



Printhead B 



ColorO |5 dots / |<h>»2 dots | 5dots 



-06 6^6 



) 5 dots 



< ^q q v 

Color 1 





Q O 



3 3 go 



Color 0 



m*3 im-5 

o o 



nS o-3 o-l 

O O e€> 



Color 2 




O O 



Colorl 



o 3 o 5 



d-S n-3 n-1 

O O cQ 



- Ob 6 6 



n>5 m-3 nv/ 

o o 



<^q-q- 



^ S4 <Ql 



Color 3 



- Ob 6 6 



nv5 m-3 n>. 

o o 





Sf2 ^m«4 



5 g go 



Color 2 



nw-3 m+5 

o o 



Color 4 



m-5 m-3 nv, 

o o 





00 



5 g S <> 



Color 3 



m+3 m+5 

o o 



D-5 B-3 o-l 

O Oc=Q 



Colors 



- Ob 6 & 



m-S ov3 nv, 

o o 





o. o 



m m*2 o>*4 



£ 2 g o 



Color 4 



m+3 m+5 

o o 



n-3 n-3 n-1 

O O &Q 




O O 



3 J5 S< > 



ColorS 



nw-3 m+5 

o o 



n-S n-3 a-1 



Gnd 

The printheads are facing downwards. 
The ink is being shot down onto the page. 



Direction 
of Paper Row 



V V 



FIG. 297 



257/331 





printhead A printhead B 




— ► 


^ ► 


< — ► 



-printable area 1 printable area non-printable area 2 



FIG. 293 



258/331 



lype 0 Prrathead 



V+ 



Type 1 Priethead 



&&0 O 



1 3 5 

■fr O o o 



Color S 



m-6 m-4 m> 
m-5 m-3 

— e-e 




-e-e — 

m+2 m+4 
Q+l m+3 m+5 

O Q 



Color 5 



O O Oa | 

n-6 n-4 n-2 



n-5 n-3 n-1 



O O*0 



QmO O 



1 3 5 

» e o o 



Color 4 



O O - 

m+2 m+4 
Q+l m+3 m+5 

Q Q 



Color 4 



OOCX 

n-6 n-4 n-2 
n-5 n-3 n-1 

— O Q»Q 



G*e-e- 



1 3 5 

» Q Q Q 



Color 3 



-e-e— 

m+2 m+4 



I m+3 m+5 

o o 



Color 3 



Q Q O 

n-6 n-4 n-2 



n-5 n-3 n-1 



O 0»Q 



O m O O 



Color 2 



-e-e— 

m+2 m+4 



1 m+3 m+5 

o o 



Color 2 



O O 

n-6 n-4 n-2 
n-5 n-3 n-1 

— O Q»Q 



Q mO O 



13 5 

»Q Q O 



Color 1 



-e-e— 

m+2 m+4 



1 m+3 m+5 

o o 



Color 1 



o o 

n-6 n-4 n-2 
n-5 n-3 n-1 

— O Q *€) 



Q m O O 



1 3 5 

» o o o 



Color 0 



m-6 m-4 
m-5 m-3 

— e-e 



mf2^m+4 
M m+3 m+5 

o o 



Color 0 



Q O 

n-6 n-4 n-2 



n-5 n-3 n-1 



o o » o 



The printheads are facing downwards. 
The ink is being shot down onto the page. 



Gnd 

4 4 



Direction 
of Paper Flow 



FIG. 299 



259/331 



Type o Primhcad 



Type 1 Prlnihead 



Data[l] 



Data[0] 




FIG. 300 



Data[0] 
Data[l] 
SrClk 




FIG. 301 



Data[0] <§)®^^ 
Data[l] 
SrClk 




FIG. 302 



260/331 



The printheads are facing downwards. 
The ink is being shot down onto the page. 



Type 0 Primthead 



V t 
Direction 
of Paper Flow 

V+ 



Type 1 Printhead 




Gnd 



FIG. 303 



261/331 



tXrectjoT 

u 



Datafl]- 



Data[0]- 



Demux 
Logic 





Type 0 PriiUhr»d -Xf— Type 1 JVhtthcad 




1 


?fft% &&fk 

ColorO *T 

t*»-3~e =£34 


LVf"^* 1 ColorO 

1333 h-±b 






9^ 

^ ^ Color 1 *V 


Xi"^^ Color 1 




1 


Color 2 V 
^S-S 


<&<z& 

X. Color 2 
U£3 Mt* 




c 




Color 3 **C 

>e-o-S $3h6 


OV* 1 "* 1 Color 3 






c 


9,39 0*4 




St 9 * Co*r, ^ 

rtes — 




1 — i 


— ~^~ 5 — **&J 
>5 2 gg c ° <or5 s^i 


MA Cofar5 qqq< 
IWe b~U> 





-Data[0] 



-Data[l] 



Demux 
Logic 



FIG. 304 




FIG. 305 




FIG. 306 



262/331 



Arrangement 1 ^ 

Color n 
0*&\\% O O «M 



Q»Q Q JOB 



Paper 



^ Arrangement 3 yj. 



Paper 



^ Arrangement 5 ^ 




vj. Arrangement 7 



1 1 

Paper 



Arrangement 2 





Paper 






u 




Color n 












Arrangement 4 




Paper 






u 




Color n 
OOP add e 


ale 


Color n 


Arrangement 6 




Paper 






1 1 








Paper 










-I*wm» — £2 1 

Color n 
0 4 o ™" O 




Color n 

^ e~s-e*h 



263/331 



C 

E 

3 
O 

o 
o 



E 

3 
O 

o 

a 

o 



o 

O 



Fire/Select Shift Register 

Dot SR 5/Colour 5 
Dot SR 4/Colour 4 

Dot SR 3Colour 3 
Dot SR 2/Colour 2 
Dot SR 1/Colour 1 

Dot SR O/Colour 0 



FIG. 303 



264/331 




Dot[0] 
SrCIko 



Data[0j 



FIG. 309 



265/331 



v+c 



Paper Movement 

Ink shooting out of page towards reader 
Reader looking through paper over print heads 



ooe- 



n-2 
n-1 



^ ^ *Sft»rint Head - (n-mQoZzles 




ght Print Head - m 



eee- 

nozzles 



GndC 



paper 




Section A-A Through Even nozzles 



paper 



X 



n-2 

n-1 

_□ □ □_ 



m m-2 
m+1 m-1 
□ CL^n □ a. 



1 0 
-D n n 



Left Print Head - (n-ni) nozzles 



Right Print Head - m nozzles 



FIG. 310 



266/331 



-1 

CM 
O 




in 
O 


><^ 






>< 




x: 


>< 






CM 




CM 


Q 




o 


>< 




>< 


CM 

o 
O 




CM 
CO 

O 


>< 




>< 


CM 
O 




u> 
O 


>< 






o 




O 


><; 




>< 


© 

O 




co" 
O 


>< 




>< 


© 
CM 

o 




o 
U) 

O 


>< 




?s 


o 




o 


O 




o 


>< 






o 
o 
O 




o 

CO 

o 



267/331 




268/331 



01 

S 

u 

•H M 
^3 © 

tn *J 

■h a o 



n 



© 
o 
o 



o 
o 
o 
o 

iH 

o 
o 
o 



o 
o 
o 
o 
o 
o 



o 
o 
o 
o 



o 
o 
o 

tH 

o 
o 



o 
o 
o 
o 
o 
o 
o 

H 

o 
o 



o 
o 
o 
o 



o 
o 
o 



o 
o 
o 
o 
o 
o 
o 



52 

CO 



o 
o 
o 
o 
o 
o 



o 
o 
o 

iH 

o 
o 
o 
o 
o 
o 
o 



o 
o 
o 



o 
o 
o 
o 



o 
o 



o 
o 
o 
o 
o 



H 

o 
o 



o 
o 
o 
o 
o 
o 



o 
o 
o 



o 

° ® 

: © 

: 5 

2 2 
° s* 

§ 2 

o _. 

° "8 

3 s 

H * 



rt 



o 
o 
o 



o 
o 
o 

o 



o 
o 
o 
o 



o 



<D 
CO 



2 



3: 



°- "8 



o 
o 
o 
o 
o 
o 



o 
o 
o 
o 
o 
o 



o 
o 



2 £ 

O -H 

O H 

O Pi 
o 

O 4J 



o 
o 



o 
o 



o 
o 



o 
o 



269/331 




fire shift register 



clocked by fsclk a gated FrClk 



select shift register 

clocked by SelClk a gated FrClk 



FIG. 315 



Head A 



■> L A /2 select shift register length 



* La 

count A +1 



HeadB 



rem A 



Lb/2 select shift register length 



count B +1 



FIG. 316 



271/331 




272/331 



1 



3 



^ ^ i 




3 

© 



273/331 



o 



a 

CO 



■3 



a. 3r 

CO 



53 

to. 



274/331 



eg 



r r t 



£ 3 5 



o 

en 



o 



275/331 




276/331 





FIG. 324 



278/331 



CM 



D — I 



CD : 



, 0) 
= CO 
w CL =3 



s as 

m 3 LJJ 



CO 

■o 



CD 
J*: 
O 
O 
O 
-Q 

CD 



T3 
CD 
C 
O) 

2 

co 



o 
El 

V 3 
CO CL 

CL CO 

O » 

3 





CD 




O 




c 




CD 


f 


o 






0) 


CD 


To 
> 


C 


*D> 




C 


Q. 


CD 




C 


etr 


CL 


E 




E 


lu >; 


asy 


o & 


CO 




o 




O 
E 
o 


CO CL 

B§ 


O 




•£ 


c Lu 
|o 


ed v\ 


M 


c 


O) 3 


O) 


.E O 


\o 






CD 




CL 


3 


O 


CO 


T3 


c 


CD 


O) 




CO 


O 


+ 


CD 


CL 




CO 


o> 


A 


c 




CD 


Com( 



co 



E 
2 

CL 
LU 

O 



o 
2 

CD 
> 



C/) 

<s§ 

< c 
O co 



_ T3 ^ 
^ CD CD 
CD — > 
CO CL CD 

m 3 



E 

CL 

I 

CD 

■o 



£3 



H— — — H h— — -H 







ys) 


T3 




b 


bootO 


111 
Q_ 

w & 


CD 




1 






CD JD 




CL 3 


CL 


CO CL 


O 






o g 


me 




E 


ll 


>> 




CO 

co 




with 


ader 
Silve 


■o 




CD 




c 

O) 


|S 


<n. 


11 


CD 




tur 


CL 
O 


CO 

c 
o> 


evel 


to 


Q 



CD 

"8 

O 
LU 

o 

to 

CO Q 

c 

g d) 
o 15 

|| 

cn-o 
o -o 

CL* 0 
CD 

ll 



>joojqjeA|!S Aq 

P IBJ9U99 



oqluoo Aq 



lAJBOAq 
pajaieuao 



OQVO Aq 



>|00jqjeA|!S Aq 



279/331 



SoPEC boot rom 

(includes bootOkey public key) 



validation via bootOkey 



datasetl : operating system 

(includes ComCo public key) 



validation via ComCo key 



dataset2: operating parms 

(includes OEM public key) 



validation via OEM key 



dataset4: OEM program code 



FIG. 326 



280/331 



ChipT 


^ Random[) 




5v > 








Testlna.Rp.MRt, 
^ SKTr^RvlRRlCnlMpd] 











System 



Read[n1 ,t,Ry] 



Rr.Mri. 



SKRnllRvlRRlCilMpt] 



ChipR 



non-trusted 
environment 



FIG. 323 



Chipl 



Rando 



Translate^ 1 

ft 



0,0 on.SKnglRn, 



! prev> M Rt. 
[R||Rprev|Ci|r)4 R J,n2,R next ] 



[R.|Ci|M Rt ]^ 



System 



ReadQ or TranslateQ 



SKRnl [R|| R prev|Ci [Mpt 



ChipR 

or 
Chipl 



non-trusted 
environment 



FIG. 329 



281/331 



ChipS 


SignM(n2,0, R u. M uo. 

^ SKnllOlRulC^MuoLMo] 


System 


Read[n1,O,0] 




Ru. M uo. s Kni[°l R ul M uol 


— 0 


< 

WriteA[n1,R s ,M D , 

SKn2[ R ul R s|Ci|M D ]] 




3 

R S. S 'Kn2[ R ul R sl C li M QD] ^ 


[> 




-> 


< 





ChipU 



Object being 
updated 



FIG. 330 



ChipS 






SignM[n2,0, R u- M uo. 




^ SKni[0[Ru|Ci|M uo ],M D ] 
< 




R S. M QD» S *Kn2[ R ul R sl C 1 I M Qd]„ 


C 



System 



Read[n1,0,0] 



R u.Muo.SKni[0| R u|Muo] 



WriteA[n1 f R s ,M QD , 
SKn2[ R ul R sl c i I m qd13 

1 orO 



_p ChipU 



Object being 
updated 



FIG. 331 



282/331 



ChipS 






SignP[n2,Ru,P D ] 
<] 




Rs.Sko2[Ru|RsIPdIC 2 ] c 







System 



Random[] 



SetPermissions 
[n1,R s ,PD.S K [RulRs|P D |C 2 I] 



1 oro, P n , 



^ ChipU 



Object being 
updated 



FIG. 332 



ChipF 



GetProgramKeytn2,R P ] 



RRS Kn2 [Rp|RFlC 3 ]@K neWK 



S ColdlRFlSKnllRplRFlCal^Knewl* '3] 



System 



RandomQ 



ReplaceKeyfrM.Rp 
S^IRplRFlCal^Knew, 
S K( |ld[RF|SKn1 [Rpl R Fl C 3]^ K newl 

1 orO 



ChipP 



Object whose 
keys are being 
programmed 



FIG. 333 



283/331 



ChipT 



Randomfl 



Iest[R A ,M A ,S K tR T |RA|C 1 |M A l 



1 orO 



System 



Read[R T ] 



ChipA 



Object being 
authenticated 



FIG. 334 



ChipS 



SignMIO.Ru.Mu, 
SKlOIRulCnlMuLMo] 



Rs.M QM ,S K [Ru|Rs|CiiMQ D ] 



System 



Read[0] 
Ru.Mu.SkIOIRuIC^Mu] 



WriteA[R s ,M QD , 
S k [Ru1R S |Ci|Mq D ]] 

1 orO 



ChipU 



Object being 
updated 



FIG. 335 



284/331 



ChipS 






SignP[Ru,P D ] 
< 




Rs.S k [RuIRs|PdIC 2 ] t 







System 



Random[] 



ChipU 



Object being 
updated 



SetPermissions 
[n.Rs.Pp.SKtRulRslPpICz]] 

1orO,P new 



FIG. 336 



ChipF 



GetProgramKeyJRpJ 



R F» S Kold( R p| R Fl C 3]® K t 



System 



ReplaceKey[R F 
S Ko id[ R p| R F|C3]©K new , 

S(<old[ R F|SKold[ R pl R F|C3]®K new |p3] S K dJd[ R FlSKold[ R pl R F|C33®K new | 

1 orO 



Random[] 



Pal 



ChipP 



Object whose 
keys are being 
programmed 



FIG. 337 



285/331 



ChipT 


^ RandomI] 




5i . 








Test[n2,R A ,M A , 
^ Skan^RtIRaIC.IMa]] 




^ 







System 



Read[n1,R T ] 



R A ,M A , 
* SKAniLH-rlHAldlMAj 



ChipA 



Object being 
authenticated 



FIG. 333 



Chips 






SignM[n2 f 0,Ru,M Ut 




SKniWRulCilMul-Mol 
< 




RS' M QD.SKn2[ R ul R sl C 1 |Mqd] 





System 



Read[n1 ,0] 



Ru.Mu.SKni[0|Ru|Ci|Mu] 



WriteA[n1,R s ,M QD , 

S Kn2l R ul R sl C 1 l M Qp]] 

1 orO 



ChipU 



Object being 
updated 



FIG. 339 



286/331 



ChipS 






SignP(n1 ,Ru,P D ] 
0 




R S> S Knl[ R ul R sl P Dl C 2] 







System 



Random[) 



ChipU 



Object being 
updated 



SetPermissions 
[n,R s ,P D ,S K [Ru|Rs|PD|C2]] 



1 orO, P new 



ChipF 



GetProgramKey[n1 ,R P ] 



R R s Kni [ R pl R F|Ca]^K n , 



SKnl[RF|SKnl[Rp|RF|C 3 ]eK 

nt 



iewl ( ; 3l 



System 



Random[] 



ReplaceKey[n2,Rp 
SKnllRplRplCal^Kfiew 
S Kl l[Rpl S Knl[Rp|RF|C3]®K new | ^ 



1 orO 



ChipP 



Object whose 
keys are being 
programmed 



FIG. 341 



ChipT 


^ Random[] 




5i t> 








Test[n2,R A ,M At , 
^ SkaniIRtIRaIC^MaJ] 




,> 







System 



Read[n1,t,R T ] 



RaM 



SKAnl[RT|R A |Ci|M A J 



ChipA 



Object being 
authenticated 



FIG. 342 



287/331 



Chips 






SignM[n2,0, R u.Muo. 




^ S K ni[0|RulC,|M uo ] 1 M D l 
< 




R S. M QD. S Kn2[ R ul R sl C 1 I M Qd]^ 


D 



System 



Read[n1,0,0] 



Ru.Muo.SKni(0|Rul M uo] 



WriteA[n1,R Sl M QD , 

S Kn2[ R ul R sl C lI M QDl3 



1 orO 



ChipU 



Object being 
updated 



FIG. 343 



ChipS 






SignP[n1 .Ru.PdJ 
<j 




R S' S KnlI R ul R sl P Dl C 2] 




1 



System 



Random[] 



SetPermissions 
[n.Rs.Pp.S^RulRslPplCg]] 



1or0, P n 



ChipU 



Object being 
updated 



FIG. 344 



ChipF 



GetProgramKey[n1 ,R P ] 



R F.S Kn l [ R pl R F|C3l®K neWK 



S <old[ R Fl S Kn1 [ R pl R Fl C 3l® K newl ( 



System 



Random[] 



R P 



ReplaceKey[n2,R B 

ld[ R Fl S Kn1 [ R p| R Fl C 3P K newl 
* 1 orO 



ChipP 



Object whose 
keys are being 
programmed 



FIG. 345 



288/331 



msw of I 



bits 
31-30 



bits 
1-0 



































► 15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 



Isw of M 



FIG. 346 



b 159 ... b 6 b 5 


b 4 


b 3 


b 2 




bo 


I 


\ 


0 


\ 


7 5 

e 


7 


< 





I 



FIG. 347 



Edge 
Detect 




Delay 


> 



Clock In 



I 



Enable 



CLK 



FIG. 34& 



289/331 



Random 
Bit Source 



e 



TesdLTesdl T es t N — 1 1 



To ERASE 
or RESET . 



FIG. 349 




FIG. 350 



290/331 



Random 
Bit Source 



1 



ChipOK t 



© 

X 



Test 



ChipOK 2 



© 



Test 



Test 



T t 



Test 



© 



T 



© 



ChipOK 3 



T 



ChipOK4 



FIG. 351 




FIG. 352 



291/331 



In 



V D0 



pMOS 



nMOS 



Out 



Start of End of 

transition transition 



VOUT 



Current 



Z pMOS 
2 nMOS 



N 



Both intermediate impedance 
V ss = power-GND short circuit 



A 



/ 



FIG. 353 



V DD 



<j>2 



pMOS 



Out 



Z pMOS 



ZnMOS 



nMOS 




01 



Non-overlapping clocks 



FIG. 354 



Ink reservoir 



<L 
O 



Optional 
Ink transfer 
mechanism 



292/331 



-Electrical connection to QA Chip-i 



Ink output device 




Printer being refilled with ink 



Controls to Printer 



I 

"> I 



FIG. 355 



Ink reservoir 



S4 



-Electrical connection to QA Chip— i 



Ink transfer 
mechanism (optional) 



Ink output device 



Chip 

czzd 



Printer being refilled with ink 



FIG. 356 



293/331 



:: """ ! S 



Ink Reservoir 
unit 



Ink 

Ink 



Ink transfer 
unit 



Electrical 
connections 
to QA Chip 



cartridge 
interface unit 



Ink refill unit 



Ink transfer 
mechanism 
controls 



Microprocessor 
assembly controlling 
refill process 



User Interface 



FIG. 357 




To microprocessor 
assembly 




To microprocessor 
assembly 



Ink 

reservoir 



_ c .9- 

«c or 

8 Eo 

w 8 £ 



To microprocessor 
assembly 



FIG. 353 



294/331 




4 



Electrical 
connection 
to QA Chip 



Switch unit 



Ink 
reservoir 



Q 
< 



Output Ink 

transfer 
mechanisn 



Ink output device 



Electrical 
connection 
to QA Chip 




x 

c. 

c 

J* 
c 



Ink refill unit 



Ink gf 
cartridge 
terfao 
unit 



4 



Ink output device 



= J 



Electrical 
connection 
to OA Chip 



Microprocessor 
assembly controlling 
refill process 

7*> 



L 

:. • V 

User interface 



FIG. 359 



295/331 



Ink 
cartridge 



Electrical 
connection: 
to QA Chip 



c 



To Ink cartridge 



ink Reservoir 
unit 



Switch unit 



Ink transfer 
unit 



Multiple 
cartridge 
interface unit 



Ink refill unl 



Ink Reservoir 
unit 



Switch unit 



Ink transfer 
unit 



Multiple 
cartridge 
interface unit 



;;Wk refill unit 



Ink transfer 
mechanism controls 



Microprocessor 

assembly 
controlling refill 
process 



Commercial ink refill station 



T 

User Interface 



Ink Reservoir 
unit 



Switch unit 



Ink transfer 
unit 



Multiple 
cartridge 
interface unit 



Ink refill unit; 



Ink 
cartridge 



Electrical 
:onnections 
to QA Chip 



FIG. 360 



Ink 
reservoir 



o 
< 

3^ 



\ 



io | < 
llU o o 

I 



To microprocessor 
assembly 




To microprocessor 
assembly 





-> 


Ink 


reservoir 


^ 









_ c .9- 

- O _C 

IIS 
^ SB 



To microprocessor 
assembly 



FIG. 361 



296/331 



Ink 
reservoir 



Ink 
reservoir 



Electrical 
connection 
to QA Chip 



Switch unit 



Output Ink 

transfer 
mechanisn 



Ink output device 



Electrical 
connection 
to QA Chip 



Ink 
reservoir 



■o 
3 

CL 

o 



Ink refill unit 



4 



Multiple ink 
cartridge 
interface unit 



Ink output device 



= J 



Electrical 
connection 
tn OA Chip 



Ink transfer 
mechanism controls 



Microprocessor 
assembly controlling 
refill process 





L J 



V:.,:,.,:: 

User interface 



FIG. 362 



297/331 



Keyld.Variant Flag = 0 



Key Id .Variant Flag = 0 




Keyld.Variant Flag = 1 



D 

Keyld.Variant Flag = 1 



FIG. 363 



31 17 16 4 3 0 



Type 


Permissions 


Size and Position 


(15 bits) 


(13 bits) 


(4 bits) 



FIG. 364 



298/331 



10] 



11] 



[2] 



(3] 



M 0 



[15] [14] [13] [12] 



[11] 



[10] [9] [8] [7] 



[6] 



0—0 

available for write-once use 



Isw 



[5] [4] 



[3] 



[2] [1] 



[0] 



FIG. 365 



1(5 14 13 12 11 4 



KeyNum 


NonAuthRW 


AuthRW 


KeyPerms 


(3 bits) 


(1 bit) 


(1 bit) 


(8 bits) 



FIG. 366 



Non 

KeyNum AuthRW AuthRW 



KeyPerms 



0 


0 


0 


0 


0 


1 


1 


0 



FIG. 367 



299/331 



Non 

Key N urn AuthRW AuthRW 



KeyPerms 



0 


0 


0 


0 


1 


1 


1 


0 



FIG. 363 



31 17 16 14 13 12 11 43 0 



Type 


Key N urn 


NonAuth 
RW 
(1 bit) 


AuthRW 


KeyPerms 


EndPos 


(15 bits) 


(3 bits) 


(1 bit) 


(8 bits) 


(4 bits) 



FIG. 369 



300/331 



bit 15 of 
Chlpld 



bit 31 



bit 31 of 
Chipld 



Chipld 



Chfpld 
— I 



0 


0 


0 


0 




MSelect 
4 bits 


|.|. 


o| 0 


0 


RW Sense 
3 bits 


bit 31 






















0 


0 


0 


0 


0 


0 


0 


0 


KeyidSeJect 
8 bits 


bitlj 



bit 0 



bit Oof 
Chipld 



bit 16 of 
Chipld 





bit 47 of 


Chipld 


bit 32 of 


+ 




Chipld 


Chipld 


Word 2 


bit 15 


1 


bit 0 






bit 63 Of 


Chipld 


bit 48 of 


1 


Chipld 


Chipld 



Word3 



Word 4 



> 



WordSelect for first desiredM 



WordSelect for second desiredM (or pad Os to nearest word If only one desJred M) 



WordSelect for third desiredM (if present) 
1 



WordSelect for last desiredM (or pad Os to nearest word if only three desired M) 



I 



bit 16 



First word of first desiredM - corresponding to required MSelect and WordSelect for desiredM 



Last word of last desiredM - corresponding to required MSelect and WordSelect for desiredM 



bit 31 



First Key Id- corresponding to KeyldS elect 



I 



I Word 






Last Key Id- corresponding to Key I dS elect 




I &+m 


< 






I 


bit 31 


I 


bit 0 


I 
I 
I 
I 




RJLSW) 


bit 31 


I 
I 
I 


bit 0 


Word 






R L (MSW) 




5+m+5 


< 






I 
I 
I 


bit 31 


I 


bito 




R E (LSW) 


I 
I 






I 




I 


bit 31 


I 
» 


bito 


Word 






R E (LSW) 




5+m+10 


< 







FIG. 570 



301/331 



Wordl 



bit 31 



bit 0 



Wordl of Data 



bit 31 



bitO 



| Wordm 




■ 


Word m of Data. m= Datalength. 




i 

i 

! 
i 




Dit 31 




bitO 


i 

i 

■ 




R e (LSW) 


i 
■ 

! 
i 
■ 


bit 31 


! 
■ 
■ 

i 

i 


bitO 


j Word 
| m+5 


-* 




R E (MSW) 




s 

1 

1 

! 


bit 31 


! 
• 
i 


bitO 


i 
i 
i 
• 




RJLSW) 




bit 31 


■ 
• 


bitO 


Word 
m+10 




R L (MSW) 



FIG. 371 



302/331 



Wordl 



bit 31 



bitO 



Word 1 of Data 



bit 31 



bitO 



| Wordm 


■••> 


Word m of Data. m= Datalength. 




• 
i 
i 

! 


bit 31 


! 
i 
i 
i 


bitO 


• 
• 
• 
i 

! 
i 
i 




R^(LSW) 








• 
! 






• 
■ 

i 


bit 31 


i 
i 
i 
■ 


bitO 


Word 
m+5 


— > 


R^MSW) 




i 

i 


bit 31 




bit 0 


i 
■ 
■ 
i 

! 








i 
• 

! 


bit 31 


! 
i 
i 
i 


bitO 


Word 
m+10 




R^MSW) 





FIG. 372 



303/331 



bit 0 



WordO 

- EI 
I 
I 
I 



0 


0 


0 


0 


ReldSelect 
4 bits 


0 


0 


0 


0 


0 


RW Sense 
3 bits 


bit 31 


bit 16 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



bit 15 



bit 15 of 
Chipld 



Chipld 



bit Oof 
Chipld 





bit 31 of 


Chipld 


bit 16 of 


I 


Chipld 


Chipld 



Word 3 



Word 
3+m 



bit 31 



MSW of lower field in ReldSelect 
1 



LSW of lower field in ReldSelect 



bitO 



1 


bit 47 of 


Chipld 


bit 32 of 




Chipld 


Chipld 



bit 16 



t 




bit 63 of 


Chipld 


bit 48 of 


I 


Chipld 


Chipld 


I 




bit 31 


I " 
I 


bitO 



Word 
3+m+n 
1 



bit 31 



MSW of higher field in ReldSelect 



I 



LSW of higher field in ReldSelect 



I 



R e (LSW) 



I 



bitO 



bitO 



Word 
3+m+n+5 



bit 31 



bit 31 



R E (MSW) 
1 



R L (LSW) 
i 



bitO 



bitO 



Word 
3+m+n+10 



bit 31 



R L (LSW) 



bitO 



FIG. 373 



304/331 



bit 15 



bitO 



WordO 

I 
I 



Woid 1 



Word 2 <- 



Word3 



Word 8 «- 

1 

I 

Word 9 <- 



Word 13 «- 



bit 15 of 
Chipld 


Chipld 


bit 0 of 
Chipld 


bit 31 


bit 16 


bit 31 of 
Chipld 


Chipld 


bit 16 of 
Chipld 


bit 15 


bitO 


bit 47 of 
Chipld 


Chipld 


bit 32 of 
Chiptd 


bit 31 


bit 16 


bit 63 of 
Chipld 


Chipld 


bit 48 of 
Chipld 


bit 31 


bitO 


KeyLock 
I 1-bit 


Keyld 
30-bit 


Variant 
Flag 1-bit 


bit 31 


bitO 


R E (LSW) 


bit 31 


bitO 


R E (MSW) 


bit 31 


bitO 


EncryptedKey{LSW) 


bit 31 


bitO 


EncryptedKey(LSW) 



FIG. 374 



305/331 





Ko 




Ka 


NewKey 

K3 K 4 Kg 




























> 


0x00 


K, 






111 












> 


0x04 


K* 










! Ill 






III 


> 


0x90 


K3 

OldKey 
K 4 


















> 


0x02 


















> 


0x02 


K5 


















> 


0x02 


Ka 












: 1. 






> 


0x22 


Kz 


















> 


0x02 



FIG. 375 



K3 

QdKey 
K 4 



NewKey 

Ko *i ^ ^ K 4 ^5 Ke ^ 























ace* 




*letec 










-s- 












III 




CD 
CD 

-a 
















iess 
















0 

mm 
























1 { 























0x00 
0x00 



> 0x90 

> 0x00 

> 0x00 

> 0x00 

> 0x20 

> 0x00 



306/331 



bit 15 



bitO 



WordO 

I 
l 



Word 1 

I 

_l 

Word 2 4- 



Word3 4r 



T 



Word 8 «* 



Word 9 |<- 

— r 



Word 13 4 



bit 15 of 
Chipld 


Chipld 


bit Oof 
Chipld 


bit 31 


bit 16 


bit 31 of 
Chiptd 


Chipld 


bit 16 of 
Chipld 


bit 15 


bitO 


bit 47 of 
Chipld 


Chipld 


bit 32 of 
Chipld 


bit 31 


bit 16 


bit 63 of 
Chipld 


Chipld 


bit 48 of 
Chipld 


bit 31 


bitO 


KeyLock 
1-bit 


Keyld 
30-bit 


Variant 
Flag 1-bit 


bit 31 


bitO 


R E (LSW) 


bit 31 


bitO 


R 6 <MSW) 


bit 31 


bitO 


EncryptedKey(LSW) 


bit 31 


bitO 


EncryptedKey(LSW) 



FIG. 377 



307/331 



Transfer 



2-Transfer Request 



Transfer Output 



5- StartRollBack 



Pre-rol!back Output 



8- RollBack 



Success or Failure 



System 



1- Read M 0 And M 1 



Read Output 



3- Write Transfer Output 



Success or Failure 



4- Read M 0 And M 1 



Read Outputs 

6- Write Pre-rollback 
Output 



Success or Failure 
7- Read M 0 And M 1 



Read Output 



RollBack 



FIG. 373 



308/331 



Read Q A Device 
Being Upgraded 



Call Transfer on 
the Upgrading 
QA Device 



Yes 



Write transfer 
output toQA 
Device Being 
Upgraded 




Try applying 
transfer output 
again 




Transmission 
Problem likely 
Perform Rollback 



Yes 






Read QA 
Device Being 
Upgraded 












►< 



Completed 



Read OA Device 
Being Upgraded 



y : 

Call StartRollBack 
on the Upgrading 
QA Device 

1 

Write pre- roll back 
output toQA 
Device Being 
Upgraded 




Call RollBack 

on the 
Upgrading QA 

Device 



RollBack 
Completed 



Transmission 
Problem likely 
Call StartRollBack 
again 



FIG. 379 



309/331 



1 s 

2 2 



Refill Device QACo 



Refill Device ComCo#1 



Heirarchical 
Transfer 



Refill Device 
OEM#1 



M 2 

JO CO 

55 H 



Refill Device ComCo#2 



f I 

Cd CO 

"<D J— 



Refill Device ComCo#N 



Heirarchical 
Transfer 



Refill Device 
OEM#2 



Refill Device 
OEM#N 



Peer to Peer 



Transfer 



Peer to Peer 
Transfer 



Refill Device 
OEM#1 
#1 



Refill Device 
OEM#1 
#2 



Peer to Peer 



Transfer 



Ink Device 
#1 



Refill Device 
OEM#1 
#N 



Peer to Peer 



Transfer 



Ink Device 
#2 



Ink Device 
#N 



FIG. 330 



310/331 





0 


0 


0 


0 




0 




RW Sense 


I 










M , s r i ° i ° 




o I 0 


3 bits 



KeyldSelect 
8 bits 



bit 15 of 
Chipld 



bit 31 of 
Chipld 



Chipld 



Chipld 
""I 



bit Oof 
Chipld 



bit 16 of 
Chipld 



bit 47 of 
Chipld 



Chipld 



bit 32 of 
Chipld 



t 


bit 63 of 


Chipld 


bit 48 of 


1 


Chipld 


Chipld 



Word 3 



1r-L 



WordSelect for first desiredM 



_L 



WordSelect for second desiredM (or pad 0s to nearest word if only one desired M) 



T 



WordSelect for third desiredM (if present) 
1 



WordSelect for last desiredM (or pad 0s to nearest word if only three desired M) 



I 



First word of first desiredM - corresponding to required MSelect and WordSelect for desiredM 



-r 



Last word of last desiredM - corresponding to required MSelect and WordSelect for desiredM 



Word 




5+m 


< 



bit 31 



First Keyld- corresponding to KeyldSelect 



l 



Last Keyld- corresponding to KeyldSelect 



RJLSW) 



T 



Word 




5+m+5 





I 



f\(MSW) 



I 



R E (LSW) 



! 



| Word 




| 5+m+10 


< 



R e (LSW) 



FIG. 331 



311/331 



Transfer 



2-Transfer Request 



Transfer Output 



Parameter 
Upgrader 
QA Device 



5- StartRollBack 



Pre-roNback Output 



8- RollBack 



Success or Failure 



System 



1> Read M 0 And M, 



Read Output 



3- Write Transfer Output 



Success or Failure 
4- Read M 0 And M 1 



Printer 
QA Device 



Read Output 

6- Write Pre-rollback 
Output 



Success or Failure 
7- Read M 0 And 



Read Output 



RollBack 



FIG. 332 



312/331 



Read QA 
Device Being 
Upgraded 



Call Transfer on 
the Upgrading 
QA Device 



Write transfer 
outputs to QA 
Device Being 
Upgraded 




Try applying 
transfer output 
again 




Transmission 
Problem likely 
Perform 
Rollback 



Yes 




Read QA 
Device Being 
Upgraded 




: ► 







Upgrade 
Completed 




Read QA Device 
Being Upgraded 



Transmission 
Problem likely 
Call StartRollBack 
again 



Call 

StartRollBack on 
the Upgrading QA 
Device 



Write pre-rollback 
outputs to QA 
Device Being 
Upgraded 





Try applying 




No 




pre-rollback 




< c 




output again 








Yes 




Read QA 
Device Being 
Upgraded 








Call RollBack 
on the 




> ► 










Upgrading 
QA Device 





RollBack 
Completed 



FIG. 333 



313/331 



'5 I 
X 



Parameter Upgrader 
Refill QA Device 
QACo 



Parameter Upgrader 
Refill QA Device 
ComCo#1 



Heirarchical 



Transfer 



Parameter 
Upgrader 
Refill 

QA Device 
OEM#1 



JO CO 



Parameter Upgrader 
Refill QA Device 
ComCo#2 



22 



Parameter Upgrader 
Refill QA Device 
ComCo#N 



Heirarchical 



Transfer 



Parameter 
Upgrader 

Refill 
QA Device 
OEM#2 



Parameter 
Upgrader 
Refill 

QA Device 
OEM#N 



Peer to Peer 
Trans fer ^ 



Peer to Peer 
Transfer 



Parameter 
Upgrader 
QA Device 
OEM#1 #1 



Parameter 
Upgrader 
QA Device 
OEM#1 #2 



Parameter 
Upgrader 
QA Device 
OEM#1 #N 




FIG. 334 



Trusted environment 









System 
trusted 
device 


< 

1 > 

4 


System 


A 


3 + 





External 
untrusted 
device 

B 



FIG. 335 



314/331 



Translating 
device 



_2 



External 
untrusted 
device 



4_ _ 



B 



System 



Trusted environment 



3 



System 
trusted 
device 



FIG. 336 



315/331 




FIG. 337 



bit 31 




bit 


preauth field select 


preauth amount 




= 8 bits 


= 24 bits 





FIG. 3&& 



316/331 



Central 
Processing 
Unit 



o 

CO 



o 

03 



o 



o 
r> 

CL 

o 



5,' 



V V V 



A^ 
* 

Q 

13 



Memory Interface Unit 



CPUInBvteUsed 



CPUOutBvteWE 



LocalldWE 



ft, CPUIQData 



~7 



InByteValid 



^ OutByteValid 



InByte 



lOMode 



MlUAvail 



< 



/'13/ 



7 / 



32 



/9 

2 v S £ 



A A 



4- 



✓ FuseBlown 



PMInByteUsed 



PMOutBvteWE 



^ PwrFailinq 



MAURstOut L 



/'32/8 



O 

CO 



Memory 
Components 



IO 
Unit 



SDa 
SCIk 



A A A A 



g_g_2-g-g, 



Trim Unit 



E 

^'8 



to all 
blocks 



A * 
Q 

CO 



Analogue Unit 



GND 



FIG. 339 



317/331 



GND 1 



PDU 



Under Voltage 
Detection Unit 



Over Voltage 
Detection Unit 



Voltage 
Reference 



Vbg 



'2 



j 



underL 



overt- r 



Power-on 

Reset 
— S" 



y'6 



Ring 
Oscillator 



to all 
VALs 



1 



PORstL 1 



Noise 
Generator 



I 



o 



to all °= 
blocks 



Tamper 
Detect 



SysClk 



FIG. 390 



Reset and start 



Period 



W 



Global ID 



TrimMode 



r 



Stop 



POD 



R Global ID 



Fmeas 



W Global ID TrimMode Trimval 



FIG. 391 



LocalldWE- 



lOMode! 
IOMode 0 I 
PMOutByteWE- 
CPUIOData- 

InByte- 



D 

D 



set 



8 



8 



doneCPUTrim 
1 bit (SR) 



reset 



clear to 0x00 



Trim 
(8 bit) 



FIG. 392 



318/331 



CPUNewTrans <- 
CPUGo <- 



LocalldWE <- 
CPUOutByteWE <- 
CPUInByteUsed <- 
CPUIOData <- 



newMemTrans 



Go 



Fetch Execute Unit 



Program 
Counter 
Unit 



PC 1$ 



PCRamS ?l 



11:0 



A A 



8,MIU8Data (msb) 



CZ 



pcSel 



V V V 



Address 
Generator 
Unit 



AccessMode 



WriteMask 



EffAdr 



i Acc 



Cn 



y'e 



ALUOutByteWE 



ALUInBvteUsed 



ALUlOData 



Arithmetic 
Logic 
Unit 



3|acc_ 



2 

-rA- 



32 
y 



-7- 
8 



J3 



8 



lOMode 

OutByteValid 

tnByteValid 

Ml U Avail 
MIURdy 

Ml U Data 



-> CPUAccessMode 



-> CPUWriteMask 



H> CPUAdr 



-> CPUDataOut 



InByte 



FIG. 393 



319/331 



CPUGo 



CPUNewTran 



CPUWriteMask 8 , 



CPUAdr 



las 



3- 



CPUAccessMode 5^ 



CPUDataOu 



MIUData 



MIURdy 



lOMode 



FuseBlown 



InByte 



1— 

PMInByteUsed 



P ^IOutByte\j>/E 



I nByteValid I 



PMIOData 
< 



3- 



4- 



MRUData 32 



MRURdy 



1 



V V V 



Program 
Mode 
Unit 



PMEraseDevice 



PMNewTrans 



PMRW 



PMEn 



32 PM32Qut 



8^(bits16-9) 



Memory 
Request 
Unit 



MAURamErw 
I MAURdy 
MRUNewTrans 



MRURAMSel , 



\ MRUTestWE ^ 



5- 



MRUMode , 



Memory 
Access 
Unit 



MRU Adr 



42- 



MRUDataOut 



-0^ 



1 

MAUystQutL . 



2- 

7 

y 



8 



32 



FIG. 394 



RAMOutEn - 
RAM Adr 
RAMWE . 

wrData . 



— I — £ 




32+p 


— I 


RAM 
(96 x 32+p bits) 

^ dataln 


! 3 ? 





FlashAdr . 
TMR - 

FlashCtrl . 



4t 



H> VAL 2 



adr 



^8 (Isb) 
dataln 



Flash 
(81 92x8 bits) 

S 



VALi 



3|_ 



320/331 



Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 


PrilD6 


PrilD5 


PrilD4 


PrilD3 


PrilD2 


PrilDI 


PrilDO 


R/*W 

0 = write 

1 = read 



FIG. 396 



reset 



SDa pin 
SCIk pin 



/'1 



OutByte 
Valid 
(1 bit) 

—K — 1 



set 



OutByte 
(8 bits) 



8 



A 

C<3- 



/ 7(lo bits) 



i 

I 



VALi 



Local Id 
(7 bits) 



v 



State Machine 



8 

lOLoadlnByte 



set 



InByte 
Valid 
(1 bit) 



reset 



/\ lOCIearlnByte 



<3 



j-a^ 



Logic 3 



LogiCg <h 



Logic! 



a 



V V, 



L InByte 
^ (8 bits) 



8 



{> VAL 2 



8 

-V- 



-{>OutByteValid 
- PMOutByteWE 



-CPUOutByteWE 



- PMIOData 
-CPUIOData 



LocalldWE 



FuseBlown 



MIUAvail 



-> lOMode 



CPUInByteUse* 
MUlnByteUsed 



-> InByteValid 



-> InByte 



FIG. 397 



321/331 



SCIk 
pin 



S p£-M 



sdkO 


— £> 


sclkl 


*»- 


sclk2 


(1 bit) 




(1 bit) 






(1 bit) 




XOR 



sclk3 
(1 bit) 



SClk4 
(1 bit) 



sdaO 
(1 bit) 



sdal 
(1 bit) 




sda3 
(1 bit) 



sda4 
(1 bit) 



Q 



feSCIkPrev 
(1 bit) 

— s — 



sclkS 
(1 bit) 




sclk6 
(1 bit) 











"8 



clear 



sda2 
(1 bit) 



saturating 
counter 
(3 bits) 



^(m sbs) 



o 



3 



sda5 
(1 bit) 



SDaRegSelect 
S 



sda6 
(1 bit) 



sda7 
(1 bit) 



-> feSCIkPrev 



-> feSCIk 



-> reSCIk 



-> SDaReg 



StartDetected 



(1 to 0) 



D- 

Ij3 *\ _> StopDetected 

ta J (0to1) 



FIG. 393 



322/331 



Acc <- 



Cmd 



Exec- 



/'32 



VAL, 



/ ' 32+p 



(32 bits + p) 



A we 




Logi^ 




we ^ 


nonZ 
(1 bit) 





X 

5 



operand 



32 
-7^ 



_32_ 



DataSel 



32 



/Z2 




MIUData 
Cmd 



-> ALUlOData 

-> ALUInByteUsed 
~> LocalldWE 
"> ALUOutByteWe 

InByte 



FIG. 399 



Cmd - 



MIUData - 



8 



/\ (bitO) y\ (bit 1 ) 



D- 



/ / 1 (copied to b7-1) 
8^ 



32 



8jmsb) 



2jbits 7,6) 



H>0 



y 'Kbit 2) 

30^ 



-t> i 
1/ 



8jsb^ Iglsbj, 2jlsb^ 



32 



2- 



FIG. 400 



323/331 






32 


ROR 


~/—t 


1 





ROR 


32 


3 





ROR 
24 



32 



/ 32 

> 

/ 31 (msb) 



ROR 
31 



32 



ROR 
8 



32 



18 (msb) 24 (msb) / 32 

/ A ^ > 

Pfi ,'8 



i>/ mx 1 V 

^ g /^ MX 2 Ng- 

/ '6 (13-8) * ^ " " 



8()sb)f ^~ 



32 1 
-7^ 



-> rorOut 



8 



InByte 

Cmd 

Cn 



FIG. 401 



324/331 



Cmd 
Exec 



Acc 



8 



32 



Logic! 



LogiCg 



Logica 



3> 



8 (lo bits) 




-> LocalldWE 



-> ALUIOData 



-> ALUOutByteWE 



-> ALUInByteUsed 



FIG. 402 



i 



325/331 



4 



4 



12 



select 



4 



VAL, 



4+p 



SP 
(4 bits + p) 



PCA 
(12x12bits+p) 



12+p 



/'l2 



VALo 



' 12 



/A 



12 






ADD 


3 X 



(hi bit = sig n) 




T 



■a 



1 



1 (bit4) 




Logic 3 



1 



0x01 



8 






Logic 4 





' — CH N we. pCRamSel 
— N_J (1 bit) 



FIG. 403 



326/331 



t> EffAdr 



■> accessMode 




Acc 7 .o 



MIU8Data 



> WrlteMask 



FIG. 404 



327/331 



Exec r 



Acc 



Cmd 



C1we 




000 (hi bits) 



■7^ 



' Cn 

+> 

cz 



InByte — 
FuseBlown <j- 
PMOutByteWE <- 
PMInByteUsed<- 



InByteValid- 
lOMode- 



FIG. 405 



PMU 
state 
machine 



prevMRURdy 



- MRURdy 

- MRUData 
-> PMEn 

-> PMNewTrans 

-> PMRW 

-{> PMEraseDevice 



-> PM320ut 



F/<5. 406 



328/331 




FIG. 407 



329/331 



MRUData <_ 



PMEn - 
CPUNewTrans - 



CPUAccessMode - 
CPUAdr - 
CPUDataOut _ 
CPUWriteMask _ 

PMNewTrans - 
PMRW- 
PMEraseDevice- 
PM320ut - 



MRURdy <J- 



3_ 



S 1 



NewTrans 



AceessMod^ 



12 Adr 



32 ReqDataOu^ 



Q y WriteMask 



g 1 



cc 

o 
E 



_3j_ 



32 



3 



-7— 



-t> MRUTestWE 



-> MRURAMSel 
— RAMData 



MAURdy 



-> MRUDataOut 



-O MRUMode 



-> MRUAdr 



H> MRUNewTrans 
— Flash Data 



lOMode 



FIG. 40& 



330/331 




FIG. 409 



spike 




pw 



FIG. 410 



331/331 



Trim 



V 



Vbg_ 



DAC 



I bias 



Ring 

oscillator 
circuit 



-> Div5 



SysClk 



FIG. 411 



|^ 60ns ^ 


^ 40ns ^ 


i 








3 


2 







FIG. 412 



MAURstOutL . 



Reg 



UnderL 



PORstL 



